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JANINA JENTYS-SZAFEROWA 


MORPHOLOGICAL INVESTIGATIONS 
OF THE FOSSIL CARPINUS-NUTLETS FROM POLAND 


Badania morfologicme nad kopalnymi orzeszkami 
rodzaju Carpinus w Polsce 


~ 1. INTRODUCTION 


The present paper is the third devoted by the writer to the genus 
Carpinus. The first, in which the morphology, anatomy, and variability 
of the nutlets of eight main recent species of Carpinus were discussed, 
was published in Vol. X of the Publications of the Geological Institute 
(J. Jentys-Szaferowa and M. Biatobrzeska, 1953). It was 
intended to provide a basis for the determination of fossil materials. 
The second, published in Monographiae Botanicae (19538), gave a critical 
review of the history of the genus Carpinus in Europe, based on dra- 
wings or photographs of its involucres, reproduced in works on palaeo- 
botany from the middle of the nineteenth century onwards. Both these 
papers formed an introduction to an elaboration of the history of the 
genus Carpinus in Poland based on fossil fruits. 

On the basis of special studies, an attempt has been made to deter- 
mine the similarities and differences of fossil fruits in successive geolo- 
gical epochs and elucidate the origin of the species Carpinus betulus now 
predominating in Europe. 

As the writer anticipated in her treatise published in 1953, it was 
impossible to confine oneself to one method when elaborating fossil ma- 
terial. It was necessary not only to supplement the morphological inve- 
stigations by anatomical examinations both of the pericarp and the 
perigone of the nuts, but to go further and apply the epidermal method. 
The transition from one method to another was influenced by the ne- 
cessity of supplementation or foundation of the results obtained by new 
or more convincing proofs. 

When describing the history of the hornbeams in Poland, I kept to 
the same train of thought as in my investigations. | shall therefore 
describe in this paper the biometric investigation on the shape of fossil 
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nuts, in the next one the investigation on the anatomical structure of 
the perigone and the pericarp, and finally the investigations on the 
epidermis. I shall only attempt to draw conclusions as the history of the 
genus Carpinus in Poland on the basis of the research as a whole. 

The fossil material of hornbeams on which I based my work con- 
sisted of numerous nutlets differing in age. The youngest came from the 
Holocene Age, so that these provided a sub-fossil material, frequently 
little damaged and completely unflattened, with a wellpreserved peri- 
gone. The oldest nutlets, flattened like black scales and apparently 
completely deprived of the perigone, came from the Lower Miocene. 
A total of 1664 fossil hornbeam nutlets were examined with reference 
to their morphology, about 250 nutlets with reference to their anato- 
my, and more than 200 nutlets with reference to the structure of the 
epidermis of the perigone and the layers under the epidermis seen from 
above. 

The chief difficulty of the work, besides that involved in making 
preparations of the damaged brittle material, lay in the differentiation 
of the changes occasioned by the process of fossilization from the actual 
morphological and anatomical changes which occurred among the nutlets 
of the hornbeams growing in Poland during the last forty million years, 
more or less. In order to avoid the possibility of error as far as possible, 
I endeavoured to do as follows. After examining the recent materials, 
I investigated those of the subfossil materials which I was sure belon- 
ged to Carpinus betulus, a sole species now growing in Poland, and 
which in all likelihood did not differ from this in any detail. I then 
turned to the Pleistocene material, first from the younger and then 
from the older Interglacial Period, and in this way defined the changes 
which had occurred in the nutlets of the same species as a result of 


their becoming constatly flatter and of the increasing length of time — 


which they had lain in the ground. This made it posssible for me to 
distinguish the specific characters which had remained unchanged du- 


ring the period of fossilization. It was only on the basis of the changes | 


on which fossilization had no influence that it was possible to judge 
the actual changes which had occurred among the nutlets of trees living 
in past geological epochs. In my opinion, this kind of procedure should 
be applied in all palaeobotanical investigations, including palynology, 
dealing with the deciphering of plant history or changes connected 
with evolution. The investigations were therefore made by working back 
from the youngest to the oldest materials. It was only on the basis of 
these results that I attempted to reconstruct the history of the horn- 
beam ‘in Poland from its first appearance down to the present day. 
My co-workers in these long and difficult investigations were my 
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assistants, Miss M. Biatobrzeska, M. A., and Miss J. Truchanowicz, M. A., 
who made measurements of morphological characters, statistical calcu- 
lations, drawings and photographs under my direction. In the elabora- 
tion of the fossil materials it was necessary to show accuracy and a cri- 
tical faculty, in order to reduce the source of error as far as possible. 
It was also often necessary to repeat measurements, or to make them 
on material prepared sometimes in one way and sometimes in another. 
As a result I obtained a numerical material on which I could safely 
rely. I made the anatomical and epidermal preparations myself, as well 
as the measurements of their characters. 

The results of the biometrical examinations are given in Tables 
6 — 12, while the localities from which the examined samples came are 
set out in Table 2 and marked on the map in Fig. 4. To all the Polish 
botanists who gave me their materials to elaborate, I offer cordial 
thanks. 


2. CRITICAL REMARKS ON THE MATERIAL AND METHOD 


The morphological investigations were based on measurements, as 
accurate as possible, of fossil hornbeam nutlets and a comparison of 
these with the recent species in order to determine their similarities 
and differences. 

In order to draw conclusions on the essential differences which 
occurred in hornbeam nutlets in past geological epochs on the basis of 
measurements of characters, it was first necessary to find answers to 
a number of questions. The first two questions were fundamental, 
viz., 

1) Do the dimensions of fossil. relics diminish as a result of agelong 
lying in the ground and loss of part of the organic material during fossi- 
lization? 

2) Is fossilization accompanied by a change in shape? 

The answer to these questions must be found at the very beginning, 
as if fossilization may bring about changes both in the dimensions and 
in the shape of plant relics, the conclusion which may be drawn from 
the morphological comparison of fossil with recent plants would be of 
no significance in the elucidation of their history and evolution. 

Botanists and archaeologists investigating fossil corn from prehisto- 
ric hearths or historical finds know that these grains should be compa- 
red not with normal contemporary grains, but with carbonized con- 
temporary grains. Carbonization is accompanied both by contraction, 
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shown in a diminution of the length of the grain, often averaging over 
30 per cent, and by a change in the length-breadth and bread th-thickness 
ratios (Matlakoéwna 1925, Moldenhaver 1948). The carboni- 
zed grains tend, as Hopf (1955) expressed it, to assume a shape very 
closely approximating a sphere. By charring grains of contemporary 
corn these workers acquired comparative material on the basis of which 
they determined the species and varieties of the corn grown by our 
prehistoric and historic ancestors. 

In order to make sure that the hornbeam nutlets undergo changes 
in shape also as a result of carbonization, two samples of nutlets of 
Carpinus betulus, cornmpared of 95 and 100 specimens, were measured 
with reference to length, breadth and thickness. These nutlets were then 
carbonized, by keeping for about two and a half hours on a heated 
asbestos mat, continually mixing so that they should burn equally. After 
cooling, their length, breadth and height were re-measured. Samples | 
of nutlets differing in shape were deliberately chosen for the experi- 
ment. In one sample there were nutlets broader than they were long, 
with a mean length-breadth ratio of 0,90, while in the other were 
long, narrow nutlets, the length of which exceeded the breadth average 1.23 
times. In both cases there ensued a marked diminution in the dimen- 
sions of the nutlets after charring. The changes in shape were not very 
great, as the figures given below very well illustrate. 


Number Arithmetic means of characters 
Sample of length: | breadth: 
leneth | breadth | thickness BU renee 
nutlets 2 breadth | thickness 


before charring |6.39-+0.04|7.05+0.02/3.27+0.02/0.90+-0.01/2.15+-0.01 


1 95 | after 7 4.82-+0.04|5.58+0.03|2.74+0.02|0.87-+ 0.05]2.04-+ 


difference 25% 21% 16% 4% 5% 


before charring ([6.44--0.04/5.23-++0.03 ee 


2 100 | after 3 5.44+0.03/4.64+0.03|2.20+0.02/1.17+0.01/2.11+0.01 


difference 15% 11% 9% 5% 3% 


In both cases, the length of the nutlets was markedly lessened, the 
breadth less so, and the thickness the least. As a result, this gave in 
the first case a broadening of the nutlets averaging + 4 per cent and 
a thickening by + 5 per cent, and in the second case a broadening by 
+5 per cent and a thickening by + 3 per cent. From these data it is 
seen that in principle the nutlets of Carpinus betulus behave when 
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charred similarly to corn grains; they not only contract, but tend to 
assume forms approaching a sphere, though in hard lignified hornbeam 
nutlets composed of thick-walled cells this is shown more weakly than 
in the thin-walled corn grains. 

These results, when changes in shape might freely occur during 
carbonization, cannot be compared to the process of carbonization in the 
ground, which takes place under a monolateral pressure. Here then is 
no question of any increase in the thickness of the relic lying horizon- 
tally. The thickness is constantly being lessened, the more so the longer 
the relic remains under pressure of the layers of earth. In addition, 
palaeobotanists investigating plant relics not charred by fire, but car- 
bonized as a result of a long-continued, slow process of oxidation, agree 
that the dimensions and shape of the outline of a relic lying horizontally 
in the earth do not undergo changes during fossilization. There are nu- 
merous proofs of this in the shape of wood, seeds or fruits, which have 
been preserved in some rock of sedimental origin in such a way that 
the impression of the relic was kept from the times when it was still 
fresh. The relic and the impression fit each other with the utmost 
accuracy, in spite of the sometimes complete carbonization of the relic 
and the subsequent flattening. : 

From this it may be assumed that the dimensions and 
shape of the outline of hornbeam nutlets found 
in the earth should be approximately the same 
as in life. It must be taken into account, however, that when fossil 
nutlets dry up after having been extracted from the earth, a shrinkage 
may ensue, which influences both the dimensions and the shape of the 
nutlets. It had therefore 'to be decided whether, when comparing fossil 
and recent materials, they should be measured dry or damp. 

The fossil materials of hornbeam nutlets which I received for ela- 
boration from Polish botanists, were preserved in two ways; one was 
to keep them in a dry state, and the other was to keep them in a mix- 
ture of glycerine and alcohol. It sometimes happened that the same 
material was given to me partly dry and partly damp, e. g. the Pliocene 
materials from Mizerna, which were brought from the terrain over 
a number of years and preserved partially dry and partially in a mix- 
ture of glycerine and alcohol; moreover, the time which particular 
materials had lain in the mixture sometimes differed by some years. 
I therefore selected two plates, containing hornbeam nutlets originating 
from the same level, but not preserved in glycerine for the same length 
of time, and measured 44 nutlets from the first and 42 from the second. 
Afterwards they were carefully rinsed from the mixture, cautiously 
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dried, and again measured. The results of the measurements are as 


follows: 
Number Method Arithmetic means of nutlets 
Sample of of Length; brea- 
; h Breadth 
nutlets measuring Lengt a dth ratio 
1 44 damp 4.97 + 0.12 3.83 + 0.09 1.29 + 0.02 
dry 4.89 + 0.11 3.74 + 0.09 1.31 + 0.02 
difference 1.6% 2.3% | 1.5% 
2 42 damp 5.98 + 0.18 4.63 + 0.17 1.31 + 0.04 
dry 5.63+0.16 | 442+ 0.14 1.30 + 0.04 
difference 5.8% 4,8% 0.8% 


From these figures it follows that in both samples after drying there 
ensued a slight diminution in the dimensions of the nutlets. In the 


second sample, which had remained longer in glycerine, this diminution | 


was greater than in the first. This had no essential effect on the change 
in the shape of the nutlets, since the differences between the arithme- 
tic means of the length-breadth ratio, in view of the errors of 0.02 and 
004, were without significance. Other investigations showed that com- 
paratively young material (subfossil and from the Interglacial Riss- 
-Wirm) swelled more in a mixture of glycerine and alcohol than com- 
pletely carbonized and markedly flattened Miocene nutlets. On account 
of this, I came to the conclusion that the measurements would be bur- 


dened with the least error if all the fossil nutlets were measured in — 


the dry state. In this form they would be comparable with the Recent 
specimens, and the diminution of their dimensions in relation to those © 


at the time of extraction from the earth should not exceed a few per 
cent on the average. 

The next stage of the research was to establish the characters by 
means of which it would be possible to compare fossil and recent nu- 
tlets. As anticipated in the 1953 paper, there were seven of these cha- 
racters, viz., 

1) Length of nutlet 

2). Breadth of nutlet 

3) Number of. ribs, 

4) Ratio of length to breadth 

5) Position of the broadest part in percentage of length. 

6) Basal angle ; 

7) Apical angle 
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Among these characters, in the number of ribs, often not well preser- 
ved in the fossil material, was the greatest source of error. 

Measurements of the fossil material were made on the contour of 
the nutlets under sevenfold magnification, as for the recent nutlets 
in the first part of the research. There was a difference between the 
method of drawing recent nutlets, described in the 1953 treatise, and 
that used for the fossils, i.e. the picture of the fossil nutlets was not 
transferred to paper by means of a microscope and an Abbe’s drawing 
apparatus, but its shadow under sevenfold magnification was traced 
round, using a photographic enlargement apparatus. This was quicker 
and more accurate. As before, a similarly enlarged millimetre scale 
was used, on which the measurements were read with an accuracy of 
0.125 mm. 

Before making the measurements the material was carefully exami- 
ned by means of a binocular microscope and sorted, selecting nutlets 
which had not been deformed while they lay in the ground, and flatte- 
ned only along the shorter axis in transversal section, i.e. those in 
which only the thickness had been changed. The outline of such a nu- 
tlet could be compared with the outline of a recent nutlet. This, how- 
ever, was not absolutely strict, as during the anatomical examinations 
it was ascertained that in some fossil nutlets the longer axis in trans- 
versal section became twisted; this was difficult to observe before 
sectioning (Plate I, A). The percentage of such nutlets was not large, 
however, so that it could not cause any distinct change in the arithmetic 
means in a larger number of measurements. 

Another thing which had to be decided before morphological ana- 
lysis of the fossil material was made had a biological aspect. The fossil 
nutlets on which my research was based had the character of local 
samples; each of these samples was composed of nutlets certainly ori- 
ginating from many trees and many generations, but growing in the 
vicinity of one locality (see Table 2). In order to evaluate and classify 
these local fossil samples, it was necessary to learn the characteristics 
of the local samples of recent Carpinus betulus nutlets and their rela- 
tion to the characteristics possessed by this species over the whole of 
its present area in Europe. This refers to the morphological characte- 
ristics common to a number of specimens growing near one another. 
These features acquire particular importance if there are characters 
which correlate with one another and are characteristic of a given shape. 
They are intensified by the continual crossing of specimens growing 
near one another. 

It was not easy to find an answer to this question, as in spite of 
much correspondence with botanists and foresters of various countries 
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in Europe, I did not receive from any country a sample of nutlets 
which could adequately represent the variability of hornbeam nutlets 
in a given territory. The material which I received — although compo- 
sed of a great number of nutlets — mostly came from only a few spe- 
cimens. I had, however, asked for few nutlets, but from at least 50 
specimens from a given territory. The nutlets were often mixed toge- 
ther without giving the number of trees from which they had come. 
The best sample was that sent through the courtesy of Professor Gaussen 
from a wood in the locality of Montech, in Southern France, north of 
Toulouse (Table I, no. 1, Tables 6 —12, no. 4). This sample was compo- 
sed of 200 nutlets collected from 20 trees (10 from each). Of these, 100 
nutlets were measured (five from each tree) and compared with a sampic 
of 100 nutlets from the whole range of Carpinus betulus. This compa- 
rison was carried out by taking the arithmetic means of a sample from 
the whole of Europe as a comparative unit, and each time calculating 
how much the arithmetic means of the local sample from Montech were 
greater or smaller than the means of the comparative unit. Thus the 
comparative unit was always the divisor. This comparison appeared as 
follows: 


oe a“ M,; M, | 
(Europe) (Montech) 

1) Length of nutlet 6.06 5.85 0.96 
2) Breadth of nutlet 5.34 5.02 0.94 
3) Number of ribs 8.50 8.45 0.99 
4) Ratio of length to breadth 1.14 1,16 1.01 
5) Position of the broadest part in percentage 

of length 41.57 41.63 1.00 
6) Basal angle 161.20 158.10 0.98 
7) Apical angle 112.20 108.25 0.96 


The figures obtained by division show how much the arithmetic 
means of the samples compared are greater or lesser than the means of 
the comparative unit. Graph I in Fig. 1 was plotted partly on the basis of 
these figures; the comparative unit (Mi) is given in the form of 
a straight line with the heading ,,1”. Then the results of dividing M, by 
Mi, were marked on the graph at the appropriate points, and after 
joining them by dotted lines, an angular line A was obtained. The ratio 
of this to the straight vertical line was the ratio of the characters of 
the Montech sample to the sample from the whole of Europe. A de- 
tailed description of this graphic method and the range of its applica- 
tion may be found in the papers published by the author in 1949 — 1951, 
1953 and 1959. 
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On the graph I. in Fig. 1 it is seen that a distinctive character of the 
nuts from near Toulouse (angular line ,,A”) is that they are slightly 
smaller, relatively narrower (x), and have sharper apices (y) than the 
averages from Europe as a whole. 


1 LENGTH OF THE NUTLET 
2 WIDTH OF THE NUTLET 

3. NUMBER OF RIBS 

4, RATIO LENGTH/ WIDTH 

5 POSITION OF WIDEST PART 


6BASE ANGLE 


7, APEX ANGLE 


Fig. 1. I. The relation between the size and shape of local samples of Carpinus 

betulus (angular lines) and the sample from the whole of the European range of 

this species (vertical line) II. Curves of the coefficients of variability of the above 

four samples. A. Montech, near Toulouse. B. the Forest of Biatowieza. C. The who- 
le of Poland. D. The whole of Europe 


Fig. 1. I. Stosunek wielkosci i ksztattu lokalnych prob Carpinus betulus (linie ta- 

mane) do prodby z catego europejskiego zasiegu tego gatunku (linia pionowa). 

II. Wykres wspdiczynnikow zmiennosci 4 powyzszych prob. A. Montech k. Tu- 
luzy, B. Puszeza Biatowieska, C. Cata Polska, D. Calta Europa 


In the same figure, an angular line marks the local sample ,,B”, 
i.e. a sample of 80 nutlets gathered from forty trees in the Primeval- 
-Forest of Bialtowieza in Poland (see Table 1, no. 2, and Tables 6 —12, 
no. 3). This line is the converse of that of the shape of the nutlets from 
Montech. The hornbeams from Bialowieza had slightly larger and com- 
paratively broader (x) nutlets with blunter apices (y) than the averages 
from Europe as a whole. The angular line ,,C’” denotes a sample of 400 
nutlets from 40 trees from the whole of Poland (see Table 1, no. 10, 
and Tables 6— 12, no. 2). The nuts in this sample are on the average 
still broader and with blunter apices than the local sample from Biato- 
wieza, which gives evidence that large, broad, blunt-ended nuts are 
characteristic of Poland as a whole. The accompanying graph of the 
coefficients of variability (Fig. 1 II) indicates that the general sample 
from Europe is distinctly more variable than the local samples compared 
with it in only two characters, i.e. the ratio of length to breadth and 
the apical angle. On the basis of these data it should be expected that 
the formation in certain localities of narrow and comparatively sharp 
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nuts or broad, blunt nuts is a general, congenital characteristic of the 
genus Carpinus betulus. 

The truth of this assumption was confirmed by the examination of 
such local samples as I had at my disposal, although (as already men- 
tioned) these had not been very systematically collected. 
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Fig. 2. The relation between recent local samples of C. betulus (angular lines) 
and a sample from Europe as a whole (vertical lines) (see Tab. 1) 


Fig. 2. Stosunek wspdtczesnych prob lokalnych C. betulus (linie tamane) do préby 
z cate] Europy (linie pionowe) (patrz Tab. 1.) 


Fig. 2 shows the comparative sizes and shapes of Carpinus betulus 
nutlets from five European local samples, marked in Table 1 as nos. 
3— 7. They are composed of 50 — 100 nutlets, but mostly come from an 
unknown number of trees. As in Fig. 1, the vertical line in the 
centre of each graph in Fig. 2 represents a sample of Carpinus betulus 
from the whole area in Europe (v. Table 1, no. 9), while the angular 
line corresponds to the local sample. From the four local samples it is 
seen that if ,x”, i.e. the length-breadth ratio, is found on the right 
side of the comparative unit (which means that the nuts are narrow), 
then ,,y’, i. e. the apical angle, is found on the left, and vice versa. 
This regularity was absent only in graph no. III, i.e. the sample from 
Nancy: Here, however, the value of the arithmetic mean for characters 
no. 7 in the local sample was 109.30° + 1.66, but 112.20 + 1.87 for the 
comparative unit, i.e. the placing of the point ,,y” on the left or right 
side of the comparative unit lay within the field of error. 

From Figs. 1 and 2 it is seen that the formation in some 16H 
of comparatively broad nutlets with broad apices and in others of com- 
paratively narrow sharp-ended nutlets is a general characteristic in 


Tabiieud 


SCO WARD AP w 


Tabela 1 
THE MEASUREMENTS OF RECENT NUTLETS OF CARPINUS BETULUS 
POMIARY WSPOLCZESNYCH ORZESZKOW CARPINUS BETULUS 
: Arithmetic means of characters 
Number Number | Srednie arytmetyczne cech 
of of | ae a : re > é 
Locality eee utlers | | Number of Ratio | Position of 
Miejscowosé Liceb fk | Length | Width ribs length/width | widest part Basal angle Apical angle 
iczba iczba | 
~ |  Dtugosé | Szerokosé Liczba |  Stosunek Potozenie naj- | Kat podstawy Kat wierzchotka 
drzew orzeszkou| | | 
| zeberek | dtug./szer | Szerszej czesct 
a ee = = i 4 aA = | eed : _ 
1 France, near Touluse 20 100 | 5,85 + 0,06 | 5,02 + 0,05 8,45 + 0,11 1,16 0,01 | 41,63 + 0,61 158,10 + 1,04 108,25 == 1,16 
2 Poland, Biatowieza Fo- | 
rest 40 80 | 6.20 + 0,06 5,59 + 0,06 8,40 + 0,11 Pet O es Oe i049 16353 5tatelgse 123,20 + 1,59 


? 100 | 6,09 + 0,04 + 
? 100 5.814 0,08 | 5.41+ 0,06 | 9,24+0,13 | 1,08+0,02 | 41.45+0.45 | 160,95+1,05 | 115,10 + 1,87 
? 50 5,77 + 0.04 | 461+ 0,08 | 9,76 +0,13 | 1,02+0,01 | 39,32-+0.44 | 156,70+1.09 | 108,30 +1,66 
Es 
* 


England, Alice Holt 4,86 + 0,03 7,79 + 0,09 125+ 0,01 | 36,74 + 0,42 155,25 + 1,03 88,30 + 1,21 


England, near London 
France, near Nancy 


Switzerland, near Basel 50, 5,90 0,05 | 5444006 | 8604013 | 107+0.01 | 39,98+068 | 165.60+1,10 | 119,90 + 1,60 
Switzerland — Lehrwald 50 | 5,944 0,05 | 605+ 0,05 | 8601 0,12 | 0,97+0,01 | 38.06+0,52 | 165,70-+1,12 | 120.30+1,56 
Samples 1—7 added 530 | 5,94 + 0,05 | 5,28+ 0,05 | 869+0,12 | 1,09+0,01 | 39.47+0,51 | 160,81+1,08 | 111,92 + 1,52 
The whole of Europe 16 =| 100 6.06 + 0.05 | 534+ 0,06 | 850+013 | 1144001 | 41.57+0,59 | 161,20+1,03 | 112,20 +1,87 


The whole of Poland 40 400 6,44+0.04 | 5,85+0,03 | 8,48+0,06 | 1,09+0,01 


38,24+0,20 | 161,45+0,57 | 138,40 + 0,90 
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local samples of Carpinus betulus in Europe. Two types of nutlets of 
this description are shown in Fig. 3. 

As for the remaining characters included in the measurements, these 
do not exhibit any close connection with the length-breadth ratio and 
the apical angle. In one sample there may be comparatively narrow 
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Fig. 3. Hornbeam nutlets drawn according to the arithmetic means. A. Local 
sample from Alice Holt. B. Local sample from Biatowieza Primeval-Forest 


Fig. 3. Orzeszki grabu narysowane wediug Srednich arytmetycznych. A. proba 
lokalna z Alice Holt. B. proba lokalna z Puszezy Biatowieskiej 


nutlets with the broadest part set low (Fig. 2 graph I), and in another 
comparatively broad nutlets also having the broadest part set low (Fig. 
1, graphs B and C), etc. The length of the nutlet and the basal angle are 
also unconnected with its greater or lesser breadth. 

In Table 1, no. 8 are given the arithmetic means for the sum of seven 
local samples from Europe, and under them the arithmetic means of 
a sample of 100 nutlets from 16 trees (6—7 nutlets from each tree) 
from over the whole European range of Carpinus betulus. These figures 
approximate one another very closely, which shows that the sample 
from the whole European range of Carpinus betulus represents the po- 
pulation of this species well. 

Bearing in mind these critical considerations, I set myself the task 
cf basing the morphological investigations of fossil hornbeam nutlets on 
the following assumptions: 

1) Fossil nutlets of the genus Carpinus are, when taken from the 
ground, comparable with recent nutlets as regards their dimensions 
and the shape of their contour. 

2) After drying, fossil nutlets undergo an insignificant diminution 
in their dimensions, which is not accompanied by any change in shape. 
The difference in the dimensions of nutlets freshly collected from the 
earth and when dried is the smaller the greater the degree to which 
they are fossilized. 

3) Fossil hornbeam nutlets originating from a single locality should 
be treated as local sample. Conclusions may be drawn as to the shape 
of nutlets of the genus Carpinus in any given geological epoch only on 
the basis of a number of local samples. 
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There still remained one question to be answered before beginning 


biometric investigations on the Polish fossil material. Should these — 


materials be compared with the recent materials from the whole of 


Poland, or with samples from the whole of Europe? The answer to this — 


will be given in the discussion of the measurements of Quaternary 
nutlets (see page 19). 


3. BIOMETRIC INVESTIGATIONS OF NUTLETS FROM THE 
QUATERNARY 


According to the assumptions discussed in the Introduction, investi- 
gations of the fossil materials were begun on the youngest, the Holo- 
cene. Then the Pleistocene materials were examined. In both these pe- 
riods, as far as we know, no other species of the genus Carpinus grew 
in Poland except Carpinus betulus, which grows there today. The in- 
vestigations of the fossil Holocene and Pleistocene nutlets of the species 
Carpinus betulus was to be the key facilitating the examination and 
comprehension of the older materials. 

In Table 2 all the fossil nutlets included in the measurements are 
shown. Only those nutlets which had been selected for biometric in- 


vestigations as neither damaged not distorted by fossilization are men- — 
tioned. Actually the material included in the investigation was larger, — 


since many nutlets, slightly damaged or deformed in consequence of 
not lying quite horizontally in the ground, were used for anatomical or 
epidermal examinations. 

In Table 2, besides the age and the numbers of the nutlets exami- 
ned, are given the nature of the deposit in which they were found, the 
locality whence they came, and the names of the authors who elaborated 
the particular fossil flora. The full titles and places of publication are 
found in ‘the list of references on pp. 34 — 36. The localities from which 
the fossil flora mentioned in Table 2 comes are marked on the map 
in Fig. 4. 

The results of the measurements are given in Tables 6 —12, at the 
end of the treatise. 

In Fig. 5 is shown the relation between the shapes of Holocene and 
Pleistocene hornbeam nutlets from eight localities in Poland, i.e. the 
relation between the shape of eight fossil local samples and the arith- 
metic means of recent hornbeam nutlets from all over Europe. This 
corresponds to Figs. 1 and 2, in which are given the graphs of recent 
local samples of Carpinus betulus. 

The first three samples in Fig. 5 come from subfossil materials from 
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Fig. 4. A map of fossil floras with the hornbeam nutlets investigated 


Fig. 4. Stanowiska flor kopalnych z badanymi orzeszkami grabu. 


the optimum climatic period after the Ice Age and the next five from 
the Climatic optimum during the Riss-Wtrm Interglacial. The dating 
was confirmed by pollen analysis, carried out in the same localities 
from which the macrofossilia originated. The age of the subfossil nutlets 
should be reckoned as from four to five thousand years, and that of 
the Interglacial nutlets as about 80.000 years. 

As might have been anticipated, the characters of the fossil local 
samples diverged from the comparative unit (straight vertical lines), 
which illustrated the average shape of the recent nutlet in the sample 
of Carpinus betulus from the whole of Europe. Among them there were 
samples of shorter and so smaller nutlets, and of longer and so larger 
nutlets (characters 1 and 2), with a greater or lesser average number 
of ribs (character 3), with broadest part situated higher or lower (5); 
in short, each sample had its own local features. The characteristic 
feature which they had in common was that if the length-breadth ratio 
in the nutlets was smaller than in the comparative unit, i.e. if they 
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Fig. 5 The relation between the size and shape of fossil nutlets from the Qua- 
ternary (angular lines) and the recent sample of Carpinus betulus from over the 
whole range (vertical lines) 


Fig. 5. Stosunek wielkoSci i ksztattu kopalnych orzeszkéw z ezwartorzedu (linie 
tamane) do wspodiczesnej préby Carpinus betulus z catego zasiegu (linie pionowe) 


were comparatively broad (the breadth went into the length fewer 
times), the figure illustrating the apical angle was larger (character 7). 
On the contrary, when the ratio of length to breadth was greater, this 
was accompanied by a decrease in the apical angle. These points are 
marked by the letters x y on each graph, as in Figs. 1 and 2. Only in 
the sample from Krzeszow (Graph I), in characters 4 and 7 there is-an 
apparent disagreement. There are such small differences between the 
means from Krzesz6w and those from Europe as a whole, however, that 
these’ lie within the limits of error. The mean from Krzeszéw for cha- 
racter 4 is 1.15+0.01, and that from Europe is 1.14+0.01, i-e. in the 


THE MEASURMENTS OF FOSSIL NUTLETS OF CARPINUS (SEE TABLE 4) 
POMIARY KOPALNYCH ORZESZKOW GRABU (PATRZ TABELA 4) 
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Table 4 
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DIFFERENCES IN ARITHMETIC MEANS OF FOSSIL AND RECENT NUTLETS EXPRESSED IN PERCENTAGE (SEE TABLE 3) 
ROZNICE MIEDZY SREDNIMI ARYTMETYCZNY MI KOPALNYCH I WSPOLCZESNYCH ORZESZKOW WYRAZONE W PROCENTACH 
(PATRZ TABELA 3) 


Differences in arithmetic means of characters 
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Age Position 
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Gorny Miocen 
Middle Miocene 29,21% — 42,13% — = = = 22,80% | 13,579, ik 4,909 = 21,39% a 
Srodkowy Miocen 
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first case the actual mean varies from 1.14 to 1.16, and in the second 
from 1.13 to 1.15. An increase in the number of Measurements might 
here cause the transference of the point x from the right to the left 
side of the graph, and then the general picture would be normal. (cf. 
Pig 2,111), 

After analysing the shape of fossil nutlets shown in Fig. 5, I came to 
the conclusion that they had the same characteristic features as fruits 
of the species Carpinus betulus in Europe have today, i.e. the local 
samples had blunt and comparatively broad nutlets or narrower and 
more sharply-ended nutlets. I did not find any nutlets in which an 
increase in breadth was accompanied by a tapering of the apical angle, 
(i.e. in which these characters were associated with an inverse correla- 
tion), among samples of Carpinus betulus nutlets, whether living or 
fossil. 

We now come to the detailed analysis of the characters of size and 
shape in subfossil and Pleistocene nutlets. 

In Tables 6 —12 are given the results of measurement of the eight 
Quaternary samples examined (nos 5 — 12). Calculated on this basis, the 
summary arithmetic means characteristic of the Holocene and Pleistocene 
are given in Table 3. Those the Holocene are less exact, since I had at my 
disposal only three samples, containing altogether 208 nutlets. The 
Riss-Wtirm Interglacial was better represented, as here I had five sam- 
ples with a total number of 529 nutlets. Table 3 is the complement of 
Table 4; here are calculated the relation between the arithmetic means 
of the fossil nutlets from Table 3 and the sample of Carpinus betulus 
from the whole of Europe. The figures given here show if the fossil 
means are greater or smaller in percentage than those of recent Car- 
pinus betulus. E. g. the figure 1.15 per cent under the heading ,,+”, 
relating to the length of subfossil nutlets denotes that these were 1.15 
per cent longer than recent nutlets, while the Interglacial nutlets were 
6.76 per cent shorter than the recent and so were put under the hea- 
ding ,—’”’. Figs 8—11 complement Tables 3 and 4. 

A glance at Table 4 will make it clear that the differences in the 
dimensions of the subfossil and recent nutlets were without significan- 
ce, as were also the differences in their length-breadth ratio. There 
were 6.35 per cent fewer ribs, but this is a normal phenomenon in fossil 
nutlets, as the ribs are often damaged and it is difficult to count them 
accurately. On the other hand, there was a slight difference in the lo- 
cation of the broadest part. In the Holocene, this lay on the average 
8.01 per cent lower than in the Carpinus betulus of to day in Europe 
as a whole. There was also a slight difference in the apical angle, which 
was 9.40 per cent broader. If, however, we look at Table 3, where be- 
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sides the sample from the whole of Europe there is given the mean | 
of a recent sample from Poland, it is seen that the Polish subfossil | 
nutlets were in some characters identical to the sample from Europe © 
as a whole, in others to the sample from Poland, but in certain charac- | 
ters occupied an intermediate position. In short, during the Holocene | 
climatic optimum in Poland there grew a Carpinus betulus similar to | 
that which grows there today, but its nutlets were a little narrower and — 


had sharper ends. 


In the Riss-Wtirm Interglacial, the nutlets were smaller than in the | 
Holocene, but on the other hand they approximated more closely in 


shape to the means for the whole of Europe than the subfossil nutlets; 


they occupied an intermediate position between the recent nutlets from | 


Europe and Poland only as regards the apical angle (Figs. 8 — 11, I—TII]). 

The decrease in the dimensions of the Interglacial nutlets does not 
give grounds for the statement that the species Carpinus betulus in the 
Riss-Wiuirm Interglacial in Poland had smaller fruits, as this was mate- 
rial already partially carbonized, but not yet very much flattened, and 
so had undergone some shrinkage during drying. A decrease of about 
7 per cent in the dimensions is thus comprehensible. 

When considering the shape and size of the Interglacial nutlets, 
I omitted those of the Older Interglacial, i.e. of the period between 
the Mindel and Riss (v. Tables 6—12). This would, it is true, 
be the next step backwards which would assist in the determination of 
the degree of morphological changes evoked by the increasingly pro- 
tracted lying of the nutlets in the earth, but the samples which I had 
of this period were so small that they were not fit for biometric inves- 
tigations. 

All the materials from the Mindel-Riss period elaborated by Polish 


botanists came from borings and contained little in the way of macro- | 


-relics, and I only had at my disposal 17 nutlets in a sufficiently good 
state of preservation for the measurement of their morphological cha- 
racters. As seen from Table 6, their length was 4—6,5 mm, so that 
it exceeded the Modal values found in living Carpinus betulus. The 


smallest of them, however, was not smaller than the smallest found — 


today, or than those found in the Riss-Wiirm Interglacial. As a whole, 
they were contained within the limits of variability of the nutlets of 
living Carpinus betulus. 

Summarizing these observations, it may be said that: 

1) In the Holocene and Pleistocene, the species Carpinus betulus then 
growing in Poland did not differ in the dimensions of its nutlets from 
the contemporary species. 


2) In shape, these nutlets approximated more closely to the means 
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of recent nutlets from Europe as a whole than to the means from 
Poland, i.e. they were in general a little narrower and had sharper 
| ends than those in Poland today. 

3) In the Quaternary, Carpinus betulus had a local morphological 
| variability similar to that found today. 

Since the Quaternary Polish nutlets approximated more closely to 
the means from Europe as a whole than to the means from Poland, 
I decided to use a sample of 100 nutlets from over the whole European 
| range as a comparative unit for all the fossil materials, i.e. the same 
comparative unit as that used for the determination of the characters 
| of the Recent species of hornbeam in the first part of my work (1953). 


4. THE NUTLETS FROM THE PLIOCENE 


It was of fundamental importance for my further research to be 
quite certain that the dimensions of the nutlets of Carpinus betulus, and 
especially the length, had not undergone any changes during fossiliza- 
tion. Length was the character of which the measurements in the fossil 
material were fraught with the least error. All nutlets which had not 
lain horizontally but a little obliquely in the earth were so distorted 
that it was easy to eliminate them from the samples destined for bio- 
metric investigations. Again, what was more important, it followed 
from the measurements of recent hornbeam nutlets that the most de- 
finite morphological character for distinguishing the species Carpinus 
vetulus from the other species living today was the length (1953). I ho- 
ped, therefore, that after measuring the nutlets from the Neogene it 
would at least be possible to separate the species Carpinus betulus from 
the other species of Carpinus described in Poland from this era (Za- 
btocki 1928, 1930, Szafer 1946—47). A graph of the length of 
the Recent nutlets, repeated from the 1953 treatise, is given in Fig. 6, I. 

I considered the possibility of distinguishing the species Carpinus 
betulus from the mixture of fossil nutlets on the basis of length to be 
the most important result of the morphological investigations. After 
measuring the Pliocene materials from Mizerna and Kroscienko (W. Sza- 
fer 1946 — 47, 1954), it proved that the hope based on Graph I in Fig. 6 
was entirely without foundation, and that the results of the measure- 
ment of the Pliocene nutlets raised a new problem, which had to be 
solved. 

If we look at Tables 3 and 4, and Figs. 6 and 8, we shall see that 
though there were no distinct differences in length between ‘the recent 
Carpinus betulus nutlets and those of the youngest Interglacial, there 
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Fig. 6. Length of nutlets of the species of Carpinus. I. Recent I]. From the Upper’ 
Pliocene at Mizerna. III. From the Lower Pliocene at Kroscienko 
Fig. 6. Diugos¢ orzeszkéw rodzaju Carpinus I. wspdtczesnych, II. Z gérnego plio 
cenu w Mizernej, III. z dolnego pliocenu w KroSscienku 


was a pronounced difference between the Interglacial nutlets and thos 
of the Upper Pliocene. Here there occurred some sort of sudden change 
The nutlets from the Upper Pliocene were 28.22 per cent shorter than 
the recent, and the nutlets from the Lower Pliocene found by W. Sza- 
fer at Kroscienko (1946) were still shorter. The arithmetic mean of their 
length was over 42 per cent less than that of the recent C. betulus 
from Europe. This cannot be attributed to shrinkage of the fossil ma 
terials as a result of drying, since the Pliocene nutlets were markedl 
carbonized and flattened, and had not contracted to the same degree 
as the Interglacial nutlets. It is impossible to substract even 6 per cent 
as a result of drying from the values of 28 and 42 per cent. 

Professor Szafer determined the nutlets from Mizerna as belonging 
solely to the species Carpinus betulus. At Kroscienko, there were dis- 
tinguished species affined to C. laxiflora, C. Tschonoskii and C. Tur- 
czaninowtii var. polyneura, besides Carpinus betulus foss.* As seen fror 


* W. Szafer described from Mizerna and Krogcienko, besides the species 
mentioned above, a new microcarpous species ,,Carpinus minima”. After a detailec 
examination these fruits proved to be of a different structure than the fruits o: 
the genus Carpinus and will be described by the author in another paper. 
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Fig. 6, I. Carpinus laxiflora has very small nutlets, and Carpinus Tur- 
czaninowii var. polyneura is a small-fruited variety of a species which 
even normally has not large fruits. A mixture of recent nutlets from 
Carpinus betulus, C. laxiflora, and C. Turczaninowii var. polyneura 
should therefore give a two-peaked curve of length. But neither for 
the nutlets from Mizerna nor from Krogcienko do we see two- -peaked 
length diagrams in Fig. 6. At first I could not understand this. It may 
be interpreted in various ways. 

1) Both at Mizerna and at Kroscienko there grew only the species 
Carpinus betulus, but the nutlets in consequence of lying in the earth 
for an increasingly long period contracted more and more. In this case 
all the previous deductions that the length of nutlets lying horizontally 
in the earth does not change during fossilization, are wrong. The possibi- 
lity of a mixture of small-fruited and large-fruited species, however, 
would then have to be excluded, since all the nutlets would shrink in 
a similar fashion, and in the case of a mixture of types the two-peaked 
frequency diagram should continue to be kept. 

2) In the Pliocene, the species Carpinus betulus did not grow at all 
at Mizerna and Kroscienko, but only small-fruited hornbeams. 

3) In the Upper Pliocene at Mizerna and in the Lower Pliocene at 
Kroscienko, Carpinus betulus grew but differed from the ones 
in so far as it had not large but small fruits. 

In order to answer these questions it was necessary in the first place 
to consider the fundamental matter, viz. to reach a conviction as to 
‘whether the species Carpinus betulus grew at all in the Pliocene. 
J endeavoured to find the answer to this in the results of statistical 
investigations. 

Let us begin with the analysis of the samples from Mizerna and 
from Kroscienko, making use of the data given in the Tables or the 
‘graphs plotted from these in Fig. 7—11. In Graphs I, II Fig. 7 the 
arithmetic means of the character of size and shape of a local sample 
from the Upper Pliocene deposits at Mizerna, near Czorsztyn and of 
a sample from the Lower Pliocene at Krogcienko. (Tables 6 —12, Nos 
‘17 and 18) are compared with those of a sample representing the contem- 
porary variability of hornbeam nutlets from the whole of Europe (Tables 
6—12, No 1) and which serves as the comparative unit, represented as 
a vertical line in the centre of the graphs. The graphs are constructed in 
the same manner as in Figs. 1 and 2, described on p. 10. Something new is 
introduced here beside the continuous angular line which illustrates the 
given sample with regard to size and shape, i. e. a dotted angular line 
which illustrates the variability of the same sample as regards particular 
characters. This line was drawn on the basis of an adjustement, re- 
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Fig. 7. The relation between the size and shape of Pliocene nutlets (angular 
lines) and Recent nutlets of Carpinus betulus (vertical lines). I. The Upper Plio- 
cene at Mizerna. II. The Lower Pliocene at Kroscienko 
Fig. 7. Stosunek wielkosci i ksztaitu orzeszk6éw pliocenskich (linie tamane) do 
orzeszkow wspoiczesnych Carpinus betulus). I. pliocen gdorny w Mizernej, II. 
pliocen dolny z Kroscienka 


peated each time, of the standart deviation of the sample under exa-_ 


mination to the standard deviation of the comparative unit (62 : 6), 
similar to the adjustment on p. 10 of the value of the arithmetic means 
(Mo :Mj). If the continuous and dotted angular lines coincide, the va- 
riability of both samples is the same. If the dotted angular line shifts 


to the right of the continuous angular line, the variability of the given 


character is greater in the sample compared than in the comparative 


unit, and vice-versa, if it is found on the left side the variability of the 
sample compared is smaller. 

From graphs I and II in Fig. 7 it is seen that the nutlets from Mi- 
zerna and Kroscienko were, as already mentioned, markedly smaller 
than the contemporary nutlets of Carpinus betulus (characters 1 and 2), 
while as regards the characters of size (47) there was no very evident 


difference between them. The Pliocene nutlets were comparatively 
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narrower, since their breadth went into their length more times than 
in the recent nutlets (character 4). Although this was not accompanied 
by the apical sharpness so characteristic of the local samples of Carpinus 
(v. letters x, y in Figs. 1. 2 and 5), it cannot be said that it is impossible 
for these to be local samples of Carpinus betulus, since the differences 
between the sample compared and the comparative unit in character 7 
from Mizerna and character 4 from Kroscienko were so small that they 
lay within the limits of error. The local samples of the subfossil species 
Carpinus betulus and from the Later Riss-Wurm Interglacial given in 
Fig. 5 sometimes differed much more in shape from the comparative 
unit than did the Pliocene samples from Mizerna and Kroscienko, but 
none the less unmistakably belonged to Carpinus betulus. 

In other Recent species of the genus Carpinus, which I examined 
morphologically and described in 1953, the shape of the fruits differed 
_ from the fossil nutlets from the Polish Pliocene. In two of them, Carpi- 
nus cordata and C. japonica the shape was so characteristic and diffe- 
rent that it was immediately possible to exclude their presence at Mi- 
zerna and Krogcienko. In five others, viz., C. caroliniana, orientalis, 
laxiflora, Turczaninowii and Tschonoskii each had its own characteristic 
feature. Some had sharp apices, others a large number of ribs, others 
were rather narrow in relation to their length. The nutlets from the 
Polish Pliocene could not have belonged to any of these species, nor 
yet could they be a mixture of several small-fruited species of the 
genus Carpinus, as then the apices of the mixture would not be so com- 
paratively blunt and in this respect so little variable as in the samples 
from Mizerna and Krogcienko. This possibility may therefore also be 
excluded. On the other hand, relying only on the shape of the nutlets, 
and so on characters 4—7, it would be possible to assume a mixture 
of the species Carpinus betulus and one or more small-fruited horn- 
beams, especially since the great variability in character 4 in the sample 
from Mizerna and in character 3 in the sample from Kroscienko favours 
a mixture. This does not, however, explain why the difference in the 
dimensions of nutlets of the species Carpinus betulus and the small- 
-fruited hornbeams here discussed suddenly disappeared during the 
Pliocene. (Fig. 6.) 

In view of the impossibility of deciding from the characters taken 
into consideration whether the species Carpinus betulus grew in Poland 
during the Pliocene, my observations took another direction. I endea- 
voured to find some morphological feature of the species C. betulus 
which was not shared by the nutlets of other species, and which might 
be an indication that there were really nutlets of this species in the sam- 
ples from the Pliocene, 
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Fig. 8. Length of recent nutlets of 
Carpinus betulus (I) and of the 
fossil nutlets investigated (II — VII) 
Fig. 8. Dtugos¢ orzeszké6w Carpi- 
nus betulus (I) oraz zbadanych 
orzeszk6w kopalnych (II — VII) 


Fig. 9. The ratio of length to 
breadth in recent nutlets of Car- 
pinus betulus (I) and iin the fossil 
nutlets investigated (II — VII) 
Fig. 9. Stosunek dtugosci do sze- 
rokosci wspdiezesnych orzeszkow 
Carpinus betulus (I) oraz zbada- 
nych orzeszkéw kopalnych (II — VID) 
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When analysing the results of measurements of recent hornbeams, 
I noticed that the species C. betulus has a large percentage of nutlets 
in which the length equals the breadth. Nutlets with a length-breadth 
ratio of 1.1 are most frequently met with in this species, while nutlets in 
which the length equals the breadth, and so with a length-breadth ratio 
of 1.0 amounted to 26 per cent in the samples of Carpinus betulus 
from Europe, and to 24 per cent in those from Poland, and so were 
about one-quarter. These figures are shown in Table 5. 

In the local samples of C. betulus the percentage of nutlets of equal 
length and breadth depended on the type of nutlet. In a sample with 
narrow nutlets from Montech near Toulouse there were only 15 per 
cent, but in a sample with broad nutlets from Biatowieza 25 per cent. 
As for other species of the recent genus Carpinus, nuts equal in length 


and breadth were found only in the species C. caroliniana (16 per cent), 


C. Turczaninowii (5 per cent), and C. orientalis (1 per cent). 

I did not take into account the nutlets of C. Tschonoskii, as of this 
species I had only material from a single tree, cultivated in the Bo- 
tanical Gardens at Kew and so not in its natural surroudings. These 
nutlets were very little variable, and the 12 per cent of nutlets in which 
the relation of length to breadth was 1—1.05 was a variability of the 
individual and not of the whole species. 

In the remaining species all the nutlets were longer than broad, as 
may also be seen from Table 5. 

Nutlets which were broader than long, with a length-breadth ratio 
of 0.8 or 0.9, were found only in Carpinus betulus and in a very small 
percentage in C. caroliniana, but in no other species. In Table 5 there 
are also given the percentages of pronouncedly narrow and long nutlets, 
with a length-breadth ratio of over 1.5. It follows from this that recent 
hornbeams may be divided as regards their nutlets into 3 groups: 

1) Carpinus betulus and C. caroliniana, having a greater or smaller 
percentage of nutlets broader than they are long or markedly long and 
narrow. 

2) Carpinus Turczanowii, C. laxiflora and possibly C. Tschonoskii, 
having no or at least very few markedly broad or markedly narrow 
nutlets. 

3) C. orientalis, C. cordata and C. japonica, with a predominant per- 
centage of nutlets narrow in relation to their length. 


<a 


Fig. 10. Breadth of recent nutlets of Carpinus betulus (I) and of the fossil nutlets 


investigated (II — VII) 


Fig. 10. Szerokos¢ wspdéiczesnych orzeszk6w Carpinus betulus (I) oraz zbadanych 
orzeszk6w kopalnych (II — VII) 
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Fig. 11. The apical angle in recent nutlets of Carpinus betulus (I) and in the i 
fossil nutlets investigated (II— VID i] 


Fig. 11. Kat wierzchotka wspdéiczesnych orzeszké6w Carpinus betulus (I) oraz 
zbadanych orzeszké6w kopalnych (II — VID 


In the lower part of Table 5 I have put the percentages of markedly | 
broad or markedly narrow nutlets found in the fossil samples. Each | 
of these had the character of a local sample. The subfossil and Inter- 
glacial samples had a larger or smaller percentage of nutlets broader 
than they were long, or in which the breadth exceeded the length de- 
pending on whether the local sample contained a type of narrow nutlet 
or a type of broad nutlet. Beside these are given the percentages cha- 
racteristic of the whole Holocene or Pleistocene era. 
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Orzeszki wspdtezesne 
No ‘ ; Number 
Species end locality of nutlets 0,8 0,9 1,0 1,4 1,5 1,6 1,7 1,8 1,9 2,0 21 2,2 2,3 || 0,8—0,9 1,5—2,3 
Gatunek i miejscowosé Liczba : 
orzeszkow 
1 | Carpinus betulus. The whole of Europe 100 _ 9% | 26% 13% % 1% = = = on — — = 9% 1% 
Cata Europa 
2 | Carpinus betulus. The whole of Poland 400 3% 11% | 24% 2% 1% | 0,2% = = = _ _ _ — 14% 1,5% 
Cata Polska 
3 | Carpinus betulus. Montech near Toulouse} 100 _— 1% | 15% 3% | 2% | 2% | — = = = = = a 1% 4% 
Montech k, Tuluzy 
4 | Carpinus betulus. Biatowieza Forest 80 — |11,5%] 25% — | 2,5% | 1,5% | — = == = == _ _ 11,5% 3% 
Puszcza Biatowieska 
5 | Carpinus caroliniana 100 1% | 2% | 16% 12%] 5% | 1%} — = = = — — — 3% 6% 
6 | Carpinus Turczaninowii 100 _— _— 5% 13% | 1% 1%) — — — = = = = a 2%, 
7 | Carpinus Tschonoskii (Kew) 50 _— — 12% — _— — = = = = 1 28 = = ay 
8 | Carpinus laxiflora 50 _ _ _ 20% | — — _— — —_ = _ = — = = 
9 | Carpinus orientalis 100 = = 1% 35% | 28% | 11% | 2%) — = = - _ — _— 41% 
10 | Carpinus cordata 100 © a = = 8% | 24% | 36% | 19% | 10%) 1%] — -- — — a 90% 
11 | Carpinus japonica 100 = = — 7% | 3%} 7% | 20% | 27% | 25% 6% 2% 1% % — 92%, 
Fossil nutlets a 
Orzeszki kopalne 
Number 
Age Locality of nutlets 0.8 0,9 10 14 15 
; , » ’ , ’ 1,6 Vey || = = 
Wiek Miejscowosé Liczba ue be 2,0 2,1 2,2 2,3 | 0,8—0,9 1,5—2,3 
orzeszkow 
ov i 
5 § | Roztoki 28 7%) — | — LOT te] 85% | ob a | ae gee 10,5% 
13 23 Krzeszow nad Sanem 130 = 6% | 24% 8,4%| 0,8% | 1,5% | 0,8% | — = a = = — | 6% $6,1%|  3%13,3%, 
14 gt | Rakow 50 - | 6% | 24% sar ol ae A ey | ed ye Ni = 
BO ase E Rumlowka LUE | ee en (eZ) oki | ol Ot Pe age reed mee ee Ae 10% 
26 g 8: Nieciosy 19 — | 15% | 25% Sees | — = = = = = — {15% = 
11 | BF | Samostrzeiniki 190 | 1% | 7%] 17% 8% 1 18%/ — |o5%/ — | —| — | — | — | — | salesal osylaey 
18 222 | Rusinowo 120 _ 9% | 17% Del eat 5) I, a Ba ee ee | deel [CS 9% 6% 
19); §5% | pzbanki 150 — 3% | 22% PORE | lee ee cee I ee ee 3% 0,6% 
5 2 
= . _ 9 9 
0) gg) BE | Mizerna 0 | — | 5%) v5] |s409] 655] 435/22 | — |_| —|— |_| —| son | ave 
o 
a |2E| 82 
a 2 Shea 9 9 9 9 y 
ays g 3 | Kroscienko 300 1% | 3% | 13% Bie Aas 2% Il O60 al) elie We et a a eae 4% 6,7% 
lital me ene epee ce he feel ee eee 
Cs Sor * = =e 9 49 9 
22 | @ g RS Domanski Wierch 160 4% 14% | 15%] 38% | 8% 1,59 41,5% 10.8%. eee = 34% 
93) 55 
2 § a a 184 
re —= 9 1 189 
23 |8 : : Gliwice 218 0,5% | 1% by) 881 9%) 6% | 2,59 | a54 |) — Ir6% | oy [08% 38% 
a a 


aa 
‘ 
a 
i 
i 
6 
| = = ~ = 
en ee ee ee So eS Sr a aarmennpicgenmentig Semin aetna tl ee Cal pen ees eee 
= 
rer ares = = tN ea aes ree 
a 
_ 
” 
, 4 
~ a 
— 
” 
. 
- ni 
a . 


ca a a 
—~- al sone 


ee wa 


29 


Let us now turn to the samples from the Pliocene. At Mizerna there 
were found 5.5 per cent, i.e. 11 nutlets broader than they were long. 
At Kroscienko there were 4 per cent, or also 11 nutlets photograph (see 
B in Plate I). Their dimensions differed; at Mizerna they were 
from 2.5 mm to 4.6 mm, and at Krogcienko from 1.9 to 4 mm long. 
From Table 5, it would have to be assumed that all these nutlets be- 
longed to the type C. betulus or perhaps C. caroliniana. In any case 
almost the whole of the sample from Mizerna and the greater part of 
the sample from Kroscienko were composed of nutlets of C. betulus or 
C. caroliniana with a small admixture of other species, since only in 
this case would it be possible to find so high a percentage of nutlets 
broader than their length. C. caroliniana has already been excluded, 
as although the nutlets in the samples from Mizerna and Kroégcienko 
were more closely approximated to this species than to C. betulus in 
their dimensions, yet their shape was different. There remained there- 
fore only one possibility, that mentioned in point 3 on page 21, viz., 
that in the Pliocene in Poland there grew a hornbeam with fruits 
exactly the same in shape as the recent Carpinus betulus, but much 
smaller. 

It must now be considered which of the recent species of hornbeam 
might have been mixed with C. betulus in the Pliocene. It should be 
remembered that samples from Mizerna and Kroégcienko are fossil local 
samples. If we were to take up the attitude that a small-fruited species 
of the type C. betulus grew there, this could have had the same bio- 
logical characteristics as the recent species C. betulus, i. e. in some pla- 
ces there should grow hornbeams with comparatively broad and blunt 
nutlets, and in others with narrow, sharp-ended nutlets. At Mizerna 
a fairly high percentage of broad nutlets, i. e. with a length-breadth 
ratio of 0.8—0.9 would give ewidence rather of the first type. In this 
case since up to 13 per cent of the nutlets were 1.5—2.3 times longer 
than their breadth we must accept an admixture of some species with 
long and narrow nutlets. 

The percentage of particularly narrow nuts was smaller at Mizerna 
than at Kroscienko, for it was only 6.5 per cent. The percentage of very 
broad nutlets was also comparatively small, 4 per cent. Here the admix- 
tures might be suspected as belonging to the second group of nutlets, 
given on page 27, i. e. those hornbeams of which the nuts are neither 
markedly broad nor markedly narrow. This would agree with the de- 
termination of Professor Szafer, who presumed from the external 
appearance of the nutlets that the species C. Tschonoskii and C. laxi- 
flora grew at Kroscienko besides C. betulus. 

When discussing the Pliocene hornbeams from Kroscienko, only the 
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Fig. 12. The relation of size and shape in: A. a sample of Carpinus betulus from 
over the whole range, B. and C. two large nutlets found at Kroécienko (v. Figs. 
8 and 10 V) (angular lines), to C. caroliniana (vertical line) 

Fig. 12. Stosunek wielkoéci i ksztaltu: A — proby C. betulus z catego zasiegu, 
B. i C — dwo6ch duzych orzeszkéw znalezionych w Kroscienku (patrz TYC. Sein LONaVe) 
(linie tamane) do C. caroliniana (linia pionowa) 


population of nutlets which vary in length from 1.9 to 55 mm was > 


taken into consideration, and for the time being two very much larger 
nutlets found amongst the others were passed over. One of them was 


6.4 mm long and 6 mm broad, and the other 7.1 mm long and 5.9 mm | 
broad (v. Tables 6,7). Both these nutlets were distant by more than | 
three times the value of the standard deviation from the arithmetic — 


means given for Kroscienko in Tables 6 and 7, and so according to the 
law of three sigmas they did not belong to the population just mentio- 
ned. They have been marked on Graph III, Fig. 6. by means of large 
dots. During the measurements of the other characters these nutlets 
disappeared, as they did not differ in any way from the rest of the 
population except in their dimensions (Figs. 8—11 and Tables 6 — 12). 
These two nutlets, compared with the arithmetic means of another spe- 
cies, i.e. Carpinus caroliniana, had a line of shape exactly similar to 
that of C. betulus. I deliberately chose a species resembling C. betulus 
as closely as possible as regards shape as a unit of comparison in order 
to gain greater certainty that these two nutlets distinctly had the sha- 
pe of those of C. betulus (Pig. 12, "Plate 197 sepia) - 
The determination of the specific provenance of Single specimens on 
the basis of other , line of shape” has already been tested in systematics. 
It was applied for the first time in Part III of my paper on the 
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analysis of Betula alba L. on the basis of leaf-measurements (J en- 
tys-Szaferowa 1951). In spite of the individual difference in 
shape between the two nutlets under discussion, of which one was only 
slightly longer than its breadth, and the second 1.2 times longer, their 
lines of shape, considered as the expression of the combination of cha- 
racters distinguishing them, are exactly similar to that of C. betulus as 
compared with C. caroliniana, although (as already mentioned) these 
two species have approximately similar shape. Details relating to the 
shapes of Recent nutlets of these two species of hornbeam were given 
in the 1953 treatise. 

The finding at Kroscienko of two hornbeam nutlets from the Plioce- 
ne, not differing from the recent either in measurements or in shape, 
introduced a new problem into the history of the genus Carpinus in 
Poland. These nutlets were undoubtedly of the same age as the rest of 
the material found. The mode of flattening and the whole external 
appearance testified to this. One of the nutlets even had the perigone 
completely destroyed, so that it was not possible to count its ribs. There 
was therefore no question of their having got into the Pliocene loam 
as a result of contamination by recent material. 

One of these fruits was of the same length as the Carpinus betulus 
nutlets most often found in Poland today, and the most often found in 
one of the local Interglacial samples (Rusinowo); the second was still 
larger, and both undoubtedly belonged to a population similar to the 
recent. In any case, if my evidence is correct that the small-fruited 
hornbeams from Mizerna and Kroscienko, morphologically similar to the 
species Carpinus betulus, really belonged to this type, it would have 
to be assumed either that two species of hornbeam with fruits mor- 
phologically similar but differing in dimensions grew in the neighbour- 
hood of Kroscienko during the Pliocene, or that there grew only one 
species, but having small-fruited and large-fruited forms. This question 
will be discussed in detail in the following papers. 

Summarizing the evidence given, it may be stated that: 

1) In the Polish Pliocene there grew at Mizerna near Czorsztyn and 
at Kroscienko on the Dunajec hornbeams with fruits exactly similar 
to these of the recent species C. betulus, but much smaller. 

2) Besides the species mentioned, there existed as early as the Plio- 
cene a hornbeam which did not differ either in dimensions or in shape 
of fruits from the recent species C. betulus. 

3) Besides those two already mentioned there appeared in the Plio- 
cene at Mizerna and Kroscienko a small percentage of other species of 
the genus Carpinus, which do not grow in Poland today. 
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5. THE NUTLETS FROM THE MIOCENE 


In order to characterize the nutlets found from the Polish Miocene 
we must turn back to Tables 3 and 4, for the data relating to the sam 
ples of hornbeams from the Upper Miocene found on Domanski Wierc! 
in the dale of Nowy Targ, about 20 km from Mizerna (v. map in Fig. 4) 
This flora has not yet been elaborated, but the materials have alread: 
been collected and deposited in the Palaeobotanical Laboratory of th 
Botanical Institute, Polish Academy of Sciences. The second Miocen: 
sample comes from the Upper Miocene at Gliwice, in Silesia, and ha 
been elaborated by Professor W. Szafer. The report is in the press (Pu 
blications of the Geological Institute). Besides these, a few Miocene nut 
lets have been found by J. Zabtocki in the salt strata at Wieliczk: 
(v. Plate I G@—J). 

In Tables 3 and 4 and in graphs VI and VII in Fig. 8 it may be seer 
that the length of the Miocene nutlets is distinctly greater than that 0 
those from the Lower Pliocene at Krogcienko. This is a further confir 
mation of what was written on page 7, that the time which the nutlet: 
have lain in the earth has no effect on their dimensions. | 

The Miocene differ from the Pliocene nutlets not only in their di: 
mensions, but also, and especially, in that they are markedly narrowe: 
in relation to their length and have pronouncedly sharp apices (Figs. 9 — 
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Fig. 13. The relation of size and shape in nutlets of C. orientalis (angular line A 
and in two Miocene samples (angular lines B and C), to a sample of ae | 
C. betulus (vertical line) | 


Fig. 13. Stosunek wielkosci i ksztattu orzeszkéw C. orientalis (linia lamana A) 
oraz Z prob miocenskich (linie lamane B i C) do proby wspdiczesnego C. betulus 
(Linia pionowa) | 
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—— 11, graphs VI and VII). Both in dimensions and in shape, the Miocene 
nutlets are very similar to the contemporary species Carpinus orientalis, 
jas is clearly seen in Fig. 13. J. Zablocki, when elaborating the Miocene 
‘flora from Wieliczka also called attention to the similarity of the hornbeam 
}nutlets found there to C. orientalis and described them under the name 
fof C. polonica Zabtocki. 

| In the treatise: ,,The genus Carpinus in Europe in Palaebotanical 
} Literature” (1958), I observed that so far no involucres of Carpi- 
}nus orientalis from the Miocene have been found north of the Sudetic 
‘and Carpathian ranges. In the Miocene flora from Sosnica (Goeppert 
11855, Krausel 1920), the- findings of involucres of the genus Carpi- 
/nus contained only the type C. betulus with a small admixture of 
‘the type C. caroliniana. The abundant appearance of the type C. orien- 
talis in the Upper Miocene at Gliwice, in the Middle Miocene on Doman- 
‘ski Wierch, and in the still older flora from Wieliczka, would throw 
‘an entirely new light on the history of the genus Carpinus in Europe. 
‘For this reason, I shall for the time being refrain from expressing my 
own opinion on the specific provenance of the nutlets from the Polish 
Miccene, returning to this question in the general discussion after car- 
rying out anatomical and epidermal investigations. 


6. SUMMARY OF THE INVESTIGATIONS ON THE MORPHOLOGY 
OF THE FOSSIL NUTLETS 


As a result of biometric investigations on the fossil nutlets of the 
genus Carpinus in Poland, the following conclusions have been reached: 
| 1) In the climatic optimum of the Holocene and Pleistocene, the 
species Carpinus betulus lived in Poland. The only difference between 
its fruits and those of the hornbeam now growing in Poland is that its 
nutlets were slightly narrower and more tapering. 

2) In the Pliccene there lived in Poland a hornbeam with fruits of 
the type of Carpinus betulus, but much smaller than the recent. In 
their dimensions they approximated those of the present American spe- 
cies C. caroliniana. Together with this there grew, during the Polish 
Pliocene, a species which did not differ in any particular as regards the 
fruits from the recent Carpinus betulus. This species, however, appea- 
red only sporadically. Besides these, there was an admixture of certain 
species associated with a warmer climate, which no longer grow in 
Poland. It was impossible to decide on the basis of their morfological 
appearence only — to which living species they correspond. 

3) The hornbeams growing in Poland during the Miocene had nutlets 
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a little longer than the Lower Pliocene fruits, narrow and sharpended 


These were very similar morphologically to the species C. orientalis 
Their specific appurtenance cannot be determined without the investi- 
gations on their anatomy and on their epidermis, which will be described 
in the author’s following papers. 
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STRESZCZENIE 


1. WSTEP 


Morfologiczne badania nad kopalnymi orzeszkami rodzaju Carpinus 
sa plerwsza czeScia historii rodzaju Carpinus w Polsce, opartej na bada- 
niach owocdw kopalnych, a obejmujacej okres od miocenu pe 
dzien dzisiejszy. W drugiej czeSci, ktéra ogtosze niebawem, opisze ba- 
dania anatomiczne nad tym samym materialem, zas w trzeciej badania 
nad skérka perigonu orzeszkow. Czesé ta obejmie zaroéwno materiaty ko- 
palne, jak i wspdlczesne, w rozprawie z r. 1953 nie byta bowiem uwzgle- 
dniona budowa epidermy orzeszkow u dzi$S zyjacych gatunkéw grabu. 
W kazdej z tych czesci bede sie staratla wyjasni¢ historie rodzaju Car- 
pinus w Polsce opierajac sie na innej metodzie. Dopiero po tak SZCZeEg0- 
towej analizie kopalnych orzeszk6w postaram sie wyciagnaé wnioski 
ogdlne, wiazac je z wynikami badan nad _ historia rodzaju Carpinus 
w Europie opisana w r. 1958. 

Aby odréznié zmiany wywotane fosylizacja od istotnych zmian mor- 
fologicznych i anatomicznych, jakie zachodzity w orzeszkach rodzaju 
Curpinus w miare nastepujacych po sobie epok geologicznych, przepro- 
wadzatam wszystkie moje badania idac od materialéw najmtodszych do 
najstarszych. Po zbadaniu orzeszkow wspdiczesnych Carpinus betulus 
badalam przeto materialy holocenskie, co do ktérych miatam pewnose, 
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ze nalezaly do tego samego gatunku. Nastepnie analizowalam materiaty 
Zz mtodszego, potem ze starszego interglacjatu, okreSlajac zmiany, jakie 
wystepowaly na owocach C. betulus wskutek coraz dluzszego lezenia 
WwW ziemi. Dato to moznosé wyodrebnienia cech gatunkowych, ktére po- 
zostaly w czasie fosylizacji nie zmienione. Dopiero na podstawie zmian 
w tych cechach mozna byto orzekaé o istotnych zmianach ksztaltu lub 
budowy orzeszkow grabu i probowaé odtworzyé jego historie i ewolucje 
na terenie Europy Srodkowej. 


2. KRYTYCZNE UWAGI O MATERIALE I METODZIE 


Przystepujac do tak trudnego zadania, jakim byla préba uchwycenia 
zmian w orzeszkach kopalnych w czasie ubiegtych epok geologicznych, 
“musialam zastosowaé jak najdalej idacy krytycyzm zar6wno w stosunku 
do materiatéw wybranych do badan, jak i w stosunku do metod, aby 
zmmniejszy¢ o ile sie tylko dalo zrédto bledéw. Zasadnicze znaczenie 
miato znalezienie odpowiedzi na dwa pytania, a mianowicie: 1) czy 
wskutek ditugotrwalego lezenia w ziemi zmieniaja sie rozmiary szczat- 
kow kopalnych, oraz 2) czy fosylizacji towarzyszy zmiana ksztaltu? 

Botanicy i archeologowie badajacy zboza kopalne wiedza, ze nalezy 
je poréwnywaé nie z wspdlezesnymi normalnymi, ale ze zweglonymi 
Ziarniakami zbdz. Zwegleniu towarzyszy bowiem zmiana rozmiaroéw 
iksztattu (Matlakéwna 1925, Moldenhaver 1948, Hopf 1955). 
‘Podobnie zachowuja sie spalone orzeszki grabu (patrz tabela na s. 6). 
Zjawiska tego, kiedy mogla nastapi¢ swobodna zmiana ksztattu, nie 
mozna jednak poréwnywaé do proces6w zweglenia, ktére odbywajaq sie 
w ziemi przy coraz wiekszym ucisku narastajacych warstw. Paleobota- 
nicy sq zgodni co do tego, ze w powyzszych warunkach ulega staltemu 
zmniejszeniu jedynie grubosé szczatka (Walton 1936, Arnold 1947). 
Totez rozmiary i ksztalt obrysu poziomo lezacych w ziemi orzeszkéw 
grabu powinny byé zblizone do obrysu, jaki mialy one w stanie zywym. 
Po wysuszeniu moga sie ich rozmiary zmniejszy¢, ale nie wiecej, niz 
© kilka procent. Réznice w wymiarach kopalnych orzeszkéw grabu, 
mierzonych w stanie suchym i mokrym zawiera tabela na s. 8. Wplyw 
na zwiekszenie rozmiar6w kopalnych owocdw ma réwniez diugotrwale 
przechowywanie w glicerynie. 

Po zrobieniu szeregu dosSwiadezen dosziam do wniosku, ze moje po- 
miary beda obciazone najmniejszym bledem, jezeli wszystkie orzeszki 
kopalne beda mierzone w stanie suchym. 

Ksztalt orzeszkow kopalnych okreslalam na podstawie szczegdlowych 


pomiarow nastepujacych cech: (pordwnaj Szaferowa i Biatlo- 


brzeska 1953) 


Dtugos¢e orzeszkow 

Szerokos¢ orzeszkow 

Liczba zeberek 

Stosunek dtugosci do szerokosci orzeszkéw 
Potozenie najszerszej czesci w “%'o diugosci 
Kat podstawy 

. Kat wierzchotka 
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Liczby 1—7 zamieszczone pionowo na fig. 1, 2, 5, 7, 12 i 13 ozna- | 
czaja zZawsze powyzsze cechy w tej samej kolejnosci. Pomiary wyko- 
nywano na obrysach orzeszkéw siedmiokrotnie powiekszonych. Otrzy- 


mywano je obrysowujac cien orzeszkow, rzucony na papier za posred- 
nictwem aparatu do powiekszen fotograficznych. 

Dalsza rzecz, nad ktora trzeba byto sie zastanowi¢é, miala aspekt 
biologiczny. Chodzito 0 to, ze orzeszki kopalne, na ktérych opartam 
swoje badania, miaty charakter prob lokalnych. Kazda z nich byta zio- 
zona Z O0kazOw pochodzacych niechybnie z wielu drzew i z wielu poko- 
len, ale z las6w rosnacych stosunkowo niedaleko od miejsca znalezienia 
flory kopalnej. Sposdb zachowania wiekszosci materialow swiadczy! bo- 
wiem o bliskim transporcie. Dla oceny i klasyfikacji tych lokalnych 
prob kopalnych trzeba pozna¢ wlasciwosci prob lokalnych wspdétezesnych 
orzeszkow Carpinus betulus oraz ich stosunek do préby tegoz gatunku 
z catego zasiegu. 

W rezultacie badan opisanych na s. 10 —12 i popartych tabela 1 oraz 
fig. 1, 2 1 3 doszlam do wniosku, ze gatunek Carpinus betulus ma na catym 
obszarze swego zasiegu te wlasciwos¢, ze w jednych terenach wystepu- 
ja okazy o owocach waskich i stosunkowo ostro zakonczonyich, zas 
w innych 0 owocach stosunkowo szerokich i tepych. Opis zastosowane]j 
tu metody graficznej poréwnywania ksztaltow mozna znalez¢ w moich 
rozprawach z r. 1953 i 1959. 

Bicrac pod uwage powyzsze krytyezne rozwazania, postanowitam 
oprzec badania morfologiczne kopalnych orzeszkéw grabu na nastepu- 
jacych zatozeniach: 

1. Kopalne orzeszki rodzaju Carpinus sa w chwili wydobycia z ziemi 
porownywalne ze wspdlczesnymi pod wzgledem rozmiarow oraz ksztal- 
tu swego obrysu. 

2. Po wysuszeniu ulegaja kopalne orzeszki nieznacznemu zmniejsze- 
niu rozmiaréw, ktoremu nie towarzyszy zmiana ksztaltow. 

3. Kopalne orzeszki grabow pochodzace z jednej miejscowogci na- 
lezy traktowa¢ jako prébe lokalna. Dopiero na podstawie szeregu préb 
lokalinych mozna wnioskowaé o ksztalcie orzeszkow, jakie mialy ga- 
tunki grabu w danej epoce geologicznej. 


3. BADANIA BIOMETRYCZNE NAD ORZESZKAMI 
Z CZWARTORZEDU 


| Badania nad ksztaltem i zmiennoscia orzeszkéw z czwartorzedu 
| opariam na szeregu préb orzeszkow wspoiczesnych gatunku Carpinus 
| betulus, na trzech probach orzeszkéw subfosylnych oraz na 5 prébach 
| pochodzacych z interglacjatu eemskiego. 

Analiza bicmetyczna tych prob oraz ich poréwnanie jest opisane na 
s. 15 —17i poparte tabelami 2 — 4 oraz fig. 415. Szezegolowe wyniki po- 
i miaréw znajduja sie na tabelach 6 — 12. 

Na podstawie przeprowadzonych badan biometrycznych stwierdzi- 
| tam, ze: 

1. W optimum klimatycznym holocenu i w plejstocenie rést w Polsce 
gatunek Carpinus betulus nie rézniacy sie od wspodlczesnego rozmiarami 
orzeszkow. 

2. Sredni ksztalt powyzszych orzeszkéw byt bardziej zblizony do 
wspolczesnych orzeszkow z préby z cate] Europy niz do préoby z catej 
Polski, to znaczy byly one stosunkowo wezsze i ostrzej zakonczone, niz 
dzis zyjace w Polsce. 

3. Carpinus betulus zyjacy w wymienionych epokach geologicznych 
miai taka sama lokalna zmiennos¢ morfologiczna orzeszkéw, co dzisiej- 
SZy. 


4. ORZESZKI Z PLIOCENU 


Z pomiar6w wykonanych w r. 1953 wyniklo, ze najpewniejsza cecha 
morfologiczna, na podstawie ktorej mozna odrdéznié orzeszki gatunku 
C. betulus od innych wspdlczesnych gatunkéw grabu, byla ich dtugosé. 
Mialam przeto nadzieje, ze po wykonaniu pomiaréw orzeszkow z plio- 
cenu bedzie mozna przynajmniej oddzieli¢é gatunek Carpinus betulus 
od innych gatunkow grabéw kopalnych, opisanych z tego okresu w Pol- 
sce. W przypadku mieszaniny powinnam byla bowiem otrzyma¢ dwu- 
wierzchotkowq krzywa dlugosci. Jak widaé z fig. 6 krzywe dlugoéci 
orzeszkow z Mizernej i z Kroscienka nie tylko nie sq dwuwierzchotko- 
we, ale nie daja nawet podstawy do twierdzenia, ze w tych okresach 
rost w Polsce gatunek typu betulus. Linie ksztaltu orzeszkow znalezio- 
nych w Mizernej i w Kroscienku Swiadeza jednak wyraznie o podobien- 
stwie morfologicznym orzeszkéw pliocenskich do orzeszkéw betulus (fig. 
7). Orzeszki kopalne byly mniejsze (cechy 1 i 2), ale roznily sie mniej 
od Srednich C. betulus z calego zasiegu (linia prosta), niz niektdre 
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wspotczesne proby lokalne tego gatunku (pordwnaj fig. 1 i 2). Podo- 
bienstwo orzeszkow pliocenskich do wspodtczesnego C. betulus widac | 
rowniez na fig. 9 i 11. | 

Wielka zmiennos¢ owockow z Mizernej w cesze 4 tj. w stosunku diu- | 
goSci do szerokoSci orzeszka oraz owockéw z Kroscienka w cesze 3, fj. | 
w liczbie zeberek (fig. 7) Swiadezy, ze mamy tam prawdopodobnie do 
czynienia nie z 1 gatunkiem, ale z mieszaning grabu typu C. betulus | 
z jakims innym grabem matoowockowym. W takim jednak razie trzeba | 
jednak przyjac, ze pliocenski grab typu C. betulus miat znacznie mniej- | 
sze orzeszki niz dzisiejszy. 

Aby potwierdzi¢ przypuszozenie, ze pliocenski drobnoowocowy grab | 
nalezy rzeczywiscie do typu C. betulus, szukatam u tego gatunku jakiejs | 
wiasciwosci morfologicznej, kto6rej nie maja inne graby. Wlasciwosé te | 
zalaziam w cesze 4, tj. w stosunku diugosci do szerokosci orzeszkéw. | 
Pokazato sie, ze jedynie u gatunku C. betulus spotykamy duzy procent | 
(do 26%) orzeszk6w roéwnie szerokich jak diugich oraz orzeszki szersze 
od swej dtugosci (tabela 5). Pomiedzy innymi wspélczesnymi gatunkami 
jedynie C. caroliniana ma w matym stopniu te wiasciwos¢, u innych 
gatunkow nie spotkalam nigdy orzeszkéw szerszych niz dtugich (por. 
Szaferowa i Biatobrzeska 1953). 

Graby subfosylne i interglacjalne bylty pod wzgledem tej wtasciwoé- 
ci zupeinie podobne do wspdlczesnego C. betulus (tabela 5, nr 12 — 19). 
Co do orzeszkéw z pliocenu, to 5,5% orzeszkéw szerszych od dlugosci 
w probie Mizernej oraz 4% z préby w Kroscienku Swiadcza o tym, ze 
proby te nie nalezaty w 100% do gatunku C. betulus, ale ze znajdowal 
sie w nich, szczegdlnie w probie z Kroscienka pewien procent innych ga- 
tunkow grabu. Niemniej procent typu C. betulus musiat tam by¢ wy- 
soki. Istotna réznica miedzy orzeszkami z pliocenu a wspdlczesnymi 
lezata tylko w rozmiarach. 

Wynik opisanego wyzej rozumowania zgadza sie w zupelnoéci z wy- 
razonym poprzednio przypuszczeniem. 

Miedzy malymi owocami graboéw z Krogcienka znalaziam dwa 
orzeszki rozniace sie wyraznie wielkoscig (fig. 6, 8 i 10). Byly one zarowno 
pod wzgledem rozmiaréw jak ksztaltu zupelnie podobne do owocdw 
wspdiczesnego Carpinus betulus. (fig. 12). Byty jednak one w pordéwna- 
niu z reszta proby z Kroscienka tak duze, ze opierajac sie na prawie 
3 sigma trudno byto je zaliczy¢ do tej samej populacji co reszte mate- 
rialu z Kroscienka. Natomiast zmiescilyby sie one w populacji grabow — 
z Mizernej. Swiadczy to 0 tym, ze oprocz grabéw typu C. betulus o drob-— 
nych owocach rosty w polskim pliocenie graby 0 owocach takich sa- 
mych jak dzis..W pliocenie dolnym wystepowaly one prawdopodobnie — 
Sporadycznie. W pliocenie gérym nie stwierdzitam ich obecnosci. © 


AY 


W interglacjale Riss-Wtirm nie bylo juz formy drobnoowockowej, wi- 
_docznie graby te byly mniej odporne i wyginely, zostata jedynie forma 
0 duzych owocach, ktora zyje u nas do dzié. 

W rezultacie badan nad orzeszkami z pliocenu mozna stwierdzié ze: 

1. W polskim pliocenie rést grab typu C. betulus, ale o mniejszych 
niz dzi$ owocach. 

2. Obok wymienionego wystepowat w matej ilosci grab o owocach 
identycznych, jak wspdtczesny C. betulus. 

3. Poza powyzszymi zylty w Polsce w pliocenie w matej domieszce 
inne gatunki rodzaju Carpinus, ktore nie rosna tam dzisiaj. 

Badajac orzeszki rodzaju Carpinus z pliocenu nie uwzglednilam 
drobnych owockow opisanych przez W. Szafera jako ,,Carpinus mi- 
nima” (Szafer 1946, 1954). Jak juz pisatam w r. 1958 (s. 5) maja one 
inna budowe anatomiczna, niz orzeszki rodzaju Carpinus. Owoce ,,Car- 
pinus minima Szafer” opisze szczegdtowo w osobnej rozprawie. 


0. ORZESZKI Z MIOCENU 


Orzeszki miocenskie znalezione w Polsce byty dluzsze, niz owocki 
z dolnego pliocenu (tabela 3 i 4 oraz fig. 8). Byly tez znacznie wezsze 
i mialy bardziej ostre wierzchotki (fig. 9 i 11). Byty one podobne za- 
rowno wielkoscia jak i ksztattem do orzeszkow wspdlezesnego gatunku 
ic. orientalis (fig. 13). Poniewaz jednak w Polsce znaleziono dotychezas 
liczne miocenskie okrywy typu C. betulus, nie znaleziono zas zupetnie 
okryw typu C. orientalis (J. Szaferowa 1958), przeto wstrzymuje 
sie na razie od wyrazenia zdania co do przynaleznosci gatunkowej orze- 
szkow grabu z polskiego miocenu, zostawiajac rozstrzygniecie sprawy do 
ezasu otrzymania wynikow badan nad budowa anatomiczna owocdw 
oraz nad charakterem ich epidermy. 
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Plate 1 


A fruit of Carpinus betulus-type from the Upper Pliocene at Mizerna. 
On the cross-section of this fruit one can see that it was compressed 
parallel to the long axis 

A fruit of Carpinus betulus-type from the Upper Pliocene from Mizer- 
na — broader than long 

The scale of the variability of length of fossil Carpinus-fruits from 
Poland. From each geological epoch there were chosen: the shortest, 
the mean and the longest fruit 

Subfossil fruits of Carpinus betulus 

Fruits of Carpinus betulus from the Interglacial Riss-Wiirm 

Fruits of Carpinus species from the Upper Pliocene at Mizerna 

Fruits of Carpinus species from the Lower Pliocene at Kroscienko: the 
shortest, the mean and the longest fruit, belonging to the continuous 
variability of the sample (see Table 6) 

Two big fruits of the type Carpinus betulus found in the Lower Plio- 
cene at Kroscienko (see Table 6) 

Fruits of Carpinus species from the Upper Miocene at Domanski Wierch 
Fruits of Carpinus species from the Middle Miocene at Gliwice 

Fruits of Carpinus polonica Zabtocki from the Lower Miocene at Wie- 
liczka 


Tablica 1 


Orzeszek typu Carpinus betulus z gornego pliocenu w Mizernej. Na 
przekroju widaé. ze orzeszek zostai splaszczony wzdtuz swojej dlugiej osi 
Orzeszek typu Carpinus betulus z gornego pliocenu w Mizernej szerszy 
od swej dtugosci 

Skala zmiennosci dtugosci kopalnych orzeszké6w grabu w Polsce. Z kaz- 
dej epoki geologicznej wybrano najkrétszy, Sredni i najdtuzszy orzeszek 
Subfosylne orzeszki Carpinus betulus 

Orzeszki Carpinus betulus z interglacjatu. Riss-Wiirm 

Orzeszki rodzaju Carpinus z gornego pliocenu w Mizernej 

Orzeszki rodzaju Carpinus z dolnego miocenu w Kroscienku, najmniej- 
szy, Sredni i najwiekszy, nalezace do zmiennosci ciaglej w danej prdbie 
(patrz tabela 6) 

Dwa duze orzeszki typu Carpinus betulus, znalezione w dolnym pliocenie 
w Kroscienku (patrz tabela 6) 

Orzeszki rodzaju Carpinus z gornego miocenu na Domanskim Wierchu 
Orzeszki rodzaju Carpinus z Srodkowego miocenu w Gliwicach 
Orzeszki Carpinus polonica Zabtocki, znalezione w dolnym miocenie 
w Wieliczce 


Table 6 


Tabela 6 
Age : 
Wiek No yo? 8,8 | min-max] M +m G v 
1 The v 5,00 — 7,75 | 6,06 + 0,05 | 0,51 | 8,40 
Wn 
q 5 Calta | 
&| 2 | 8 The v 3,80 — 8,30 | 6,44+ 0,04 | 0,75 | 11,64 
= N 2 Cata j 
22/3] 3 | 8 Bielo 5,12 — 8,00 | 6,20+0,06 | 0,53] 8,54 
88) a & ‘2 Pusze: 
225 = a, 
S35 4 | © Monte 4,75 — 7,62 | 5,85 + 0,06 | 0,62 | 10,59 
q o 0 Monte 
2 2 5 | Roztoki 4,75 — 8,25 | 6,55-+0,17 | 0,90 | 13,74 
85} © | Krzesz6wo 1 | 3,70 — 8,70 | 6,19+0,05 | 0,51 | 9,69 
aS 7 |Rakow 4,62 — 7,87 | 611+ 0,09 | 0,64 | 10,47 
8 | Rumlowk1 5,12 — 8,50 | 6,63 + 0,09 | 0,68 | 10,25 
& 9 | Nieciosy 5,00 — 8,00 | 6,14 + 0,15 | 0,68 | 11,07 
® . e 10 | Samostrz 3,90 — 8,10 | 5,57 + 0,06 | 0,83 | 14,90 
Sao! — 11 | Rusinowc 3,80 — 7,60 | 5,55 + 0,07 | 0,82 | 14,70 
£ ed | 2 12 | Dzbanki 3,40 — 8,00 | 5,42 + 0,05 | 0,63 | 11,43 
‘a & 
vent ak 
2 3 | 18 | Olszewicc 4:60=6,504 105.510 =) ee 
Spe} 14 | Zydowsz 4,00 — 4,90 | 4,30 Sah Pe = 
= 15 | Ciechank 4,00 — 6,00 | 4,84 —| = - 
s | 16 | Mizerna 2,90 — 5,20 | 4,04 + 0,19 | 0,84 | 20,79 
o 2, = (Studn 
68) 58) 17 | Mizerna 2,40 — 6,00 | 4,35 +0,05 | 0,69 | 15,86 
os (Glow 
oe. 
2 S| 18 | Krogcien} 1,80 — 7,10 | 3,49 + 0,04 | 0,66 | 18,91 
a4 3S 
a 3 2 19 Domansk: 
Biol so Wierch 2,80 — 6,00 | 3,89 -+0,04 | 0,62 | 19,93 
12) z Be 
3 § cs S| 20 Gliwice 2,80 — 6,20 | 4,29 + 0,04 | 0,67 | 15,60 
g S| 21 | Wieliczka 4,40 — 4,90 | 4,67 ae = 


| 
. 


1. LENGTH OF NUTLETS 


Table 6 


DEUGOSC ORZESZKOW Tabela 6 
Number 
Age No Locatity of nutlets| 19 2,2 2,5 2,8 3,1 3,4 3,7 40 4,3 4,6 4,9 5,2 5,5 5,8 61 64 6,7 7,0 7,3 7,6 7,9 82 85 88|min—max| M+m | o | v 
Wiek Miejscowosé Liczba 
orzeszkow 
1 The whole of Europe 100 1 2 MP2s) 1 BO B 2 5,00 — 7,75 | 6,06 + 0,05 | 0,51 | 8,40 
3 Cata Europa 
Si me 2 The whole of Poland 400 1 # 1 3 10 13 30 31 63 72 62 39 45 15 8 6 3,80 — 8,30 | 6,44+ 0,04 | 0,75 | 11,64 
28 2 Cata Polska 
ae 3S 3 | 3 Bietowieza Forest 80 Ai ih oi 7 Ff DB mw i 5,12 — 8,00 | 6,20+0,06 | 0,53 | 8,54 
¢ 8 Ra a Puszcza Bialowieska 
a3 4 | & Montech near Toulouse 100 yO Cosa mp oo) GG 2 B a 4,75 — 7,62 | 5,85 -+ 0,06 | 0,62 | 10,59 
ma © Montech k. Tuluzy 
en] 
lg. | e ItRoztolt 28 Sh OG OF A Th ek mh A 4,75 — 8,25 | 6,55 -+0,17 | 0,90 | 13,74 
}28| 6 | Krzesz6w 130 1 oH 1 14 20 17 15 13 16 56 7 4 2 2 40 2 | 3\70\—"s'70)\6194- 0,051) 0151 |) 9169 
ga| 7 |Rakow 50 Yo ef 8a BR FP GS a a 4,62 — 7,87 | 6,11+0,09 | 0,64 | 10,47 
8. Eniowes 50 EY ey a Ge Ge Ze og Ja 5,12 — 8,50 | 6,63 + 0,09 | 0,68 | 10,25 
g Gi. | tieeiosy, 19 1 Al ee Se 0 eel eT ee 5,00 — 8,00 | 6,14-+0,15 | 0,68 | 11,07 
Qe : LO meee oer 190 | Yay SW PEP a Ger kee oa Gl mR 3,90 — 8,10 | 5,57-+0,06 | 0,83 | 14,90 
o3/ 4 itt | Shae 120 Sue 41d 8) 018 9178 140160 16 ses 3,80 — 7,60 | 5,55 + 0,07 | 0,82 | 14,70 
£3 2 12 | Dzbanki 150 2) OR Gs a gee a a 3,40 — 8,00 | 5,42 + 0,05 | 0,63 | 11,43 
Ca 
oo QR 1 
> Ba 13 | Olszewice 7 er Lee Ome 4,80 — 6,50 | 5,51 =| = = 
& | 14 | Zydowszczyzna 7 oo 8 1 4,00- 4,90) 430 —| — | — 
a 15 | Ciechanki 5 m1 (0 Yo @ WM al 4,00 — 6,00 | 4,84 —-| —- - 
= =| 16 | Mizerna (The well) 19 2 1 og@2 i123 3 2,90 — 5,20 | 4,04+0,19 | 0,84 | 20,79 
) aA £ (Studnia) : 
a 8 $8] 17 | Mizerna (The main layer) 200 (i) sil Yo) Eh) BBE BE A aur any Ga 2,40 — 6,00 | 4,35 + 0,05 | 0,69 | 15,86 
g = (Gtéwny poktad) 
Ay a Fe Se SS Sara | | ea RET 
2 
z8 18 | Krogcienko 300 2,3 20 35° 5 51 50 49822 13 93°20 0 0 1 Oo 7 1,80 — 7,10 | 3,49 + 0,04 | 0,66 | 18,91 
= 3S 
w 
o2 hee 
a a £| 49 | Domanski 
5 § aS Wierch 160 aCe OF) RS Bi IGE YE BR eat al 2,80 — 6,00 | 3,89 + 0,04 | 0,62 | 19,93 
oH TETRA 
gs 3 | 20 | Gliwice 225 B G 16 S a SS ce A A A 2,80 — 6,20 | 4,29-+ 0,04 | 0,67 | 15,60 
@§| 21 | Wieliczka 4 Saati 440 — 4,90 | 407 —| — | = 


Table 7 


Tabela 7 
2. WIDTH OF NUTLETS 
SZEROKOSC ORZESZKOW 
Number 
eee No ovate of nutlets| 16 19 22 25 28 3,1 34 3,7 4043 46 49 52 5,5 58 61 64 6,7 7,0 7,3 7,6 |min—max| M+m 3 v 
Wiek Miejscowosé Liczba 
orzeszkow 
af Ps The whole of Europe 100 peepee ley el Gye MIG) che Py 4,25 — 6,75 | 5,34 + 0,06 0,65 12,17 
5 Cata Europa 
eve 2 | The whole of Poland 400 1 0 0 0 1 19 18 41 64 76 69 64 32 12 2 1 _ |,3,20 — 7,60 | 5,85 + 0,03 0,62 10,59 
5 8 2 Cata Polska 
Qe es 3 3 Bialowieza Forest 80 1 G GO We a 8 8 a 4,25 — 7,12 | 5,59 + 0,06 0,58 10,37 
9 8 s ‘5, Puszceza Biatowieska 
23 4 & Montech near Toulouse 100 2 6 28 20) 19) 13738." 4 4,00 — 6,25 | 5,02 + 0,05 0,48 9,56 
ola O Montech k. Tuluzy 
a3 5 | Roztoki 28 Li FO — YA eB & & rt wl 3,50 — 6,87 | 5,41 + 0,16 0,85 15,71 
#8] 6 | Krzeszow 130 1 OW Oy a a IE a Sl a GG OG Ot 2,80 - 7,20 | 5,27 + 0,06 0,73 13,85 
acGg| 7 | Rakow 50 One ye ey 4 RE Ge SB ar al 4,00 — 6,87 | 5,45 + 0,09 0,65 11,92 
E 8 | Rumlowka 50 yay Ep ty Sf Gah ¢ & © fl 4,00 — 7,00 | 5,38 + 0,09 0,65 11,89 
‘3 9 | Nieciosy 19 ep ah ay 4,60 — 6,75 | 5,61 + 0,12 0,57 9,98 
2 ia 10 | Samostrzelniki 190 1 8 ee Sh ei oh sh 1 Bb BG tf 7 @ 4 3,10 — 7,50 | 4,96 + 0,05 0,71 14,31 
38 2 11 | Rusinowo 120 i ey hh Sb ay GG Gy KY GG) a 2,50 — 6,80 | 5,09 + 0,07 0,85 16,69 
es fa 12 | Dzbanki 150 al Th GY ey sf) GR) KY OS 2,60 — 6,00 | 4,81 + 0,05 0,58 12,05 
CaM 
m "|S g| 13 | Olszewice 7 wr iW mW 4 4,20 —5,70 | 4,72 — = = 
&g| 14 Zydowszezyzna 6 i het aya’ 3,50 — 4,75 | 4,09 ~ _— _ 
= 15 | Ciechanki 4 iw 2 O we ) © O al 3,75 — 6,00 | 4,75 - — - 
., =| 16 | Mizerna (The well) 19 i RE a BO @ 2,30 — 4,10 | 3,14-+ 0,11 0,51 16,21 
ob a= (Studnia) 
5 § aS 17 Mizerna (The main layer) 200 Jb 14023820 20) ol 84 ote Oe Se. 2,00 — 5,30 | 3,52 + 0,05 0,67 19,03 
ore (Gléwny poktad) 
Bane ais 
28 18 | Kroécienko 300 111930) 661160) 646 935) 2712 Gaetan eee Oe ee 1,70 — 6,00 | 2,96 + 0,03 0,63 21,28 
fa 
Es Bs 19 | Domanski Wierch 160 io 158 29048 43 ems 1,70 — 4,10 | 2,86 + 0,03 0,45 15,73 
968 — = 
gs 3% 20 | Gliwice 218 1 2 8 31, 39. 962..38) 2457) 4eee 1,70 — 4,50 | 3,09 + 0,03 0,50 16,18 
| 21 | Wieliczka 4 OW al 2,90 — 4,00 | 3,57 — = = 


Table 8 


Tabela 8 
3. NUMBER OF RIBS 
LICZBA ZEBEREK 
Number 
Age No ge, of nutlets $4 5 6 7 8 6 10;00 42) 13044 15) 46 |min —max| M+m 6 v 
Wiek Miejscowosé Liczba 
orzeszkow 
1 e The whole of Europe 100 pS Bisel ete A ce a 5 — 12 8,50 + 0,13 1,28 10,05 
2 Cata Europa 
% e 2 £ The whole of Poland 400 2 ST 0 137) WLS a ioe Ome 1 4-13 8,48 + 0,06 37 16,15 
a N 2 Cata Polska 
2 ./9S| 3 | 3 Biatowieza Forest 80 ey ay) Gye aly ah 2 6—11 | 840+0,11 | 1,07 12,60 
oo|/m & § wae . 
9g = 5, Puszcza Liatowieska 
3 i) 4 <& Montech near Toulouse 100 20 36 27 13 4 6 — 10 8,45 + 0,11 1,07 12,66 
im © Montech k. Tuluzy 
a 2 Bil Reztoki 30 Gah Ge wy “4! 7-11 | 850+0,20| 1,12 13,17 
£2) 6 | Krzeszow 42 1 6:10 ee Ona 4-10 | 7,09+0,33 | 2.17 30,69 
fa & 7 Rakow 45 9 18 11 4 38 7-11 8,42 + 0,16 1,10 13,06 
€ 8 Rumlé6wka 50 3 glee 2 i es 7—11 8,98 + 0,14 0,97 10,69 
3 9 Nieciosy 19 ae el eit 6 — 10 8,05 + 0,22 1,00 12,42 
= e od 10 Samostrzelniki 66 LU 26) S22 ei 2 7-11 8,74 + 0,12 1,04 11,89 
5 8 a 1l Rusinowo 65 6). 12-5267 hd 5 —.10 7,21 + 0,16 1,31 18,60 
23| & 12) alemeperiicl 65 ow go) OL mm a a 6—13 |9,76+0,14] 1,16 11,88 
ay i 
vo 
a Ay 
mu} | 13 | Olszewice 3 1y Cie et 7-9 |800 —| — = 
comecl — — 
ee Zydowszezyzna — Ar eS ee ee = == _ 
= 15 | Ciechanki ae Sets ee HI me = Zl, = 
ee 16 Mizerna (The well) = peas Wea a (ci r= = i = = 
one a8 (Studnia) 
5 5 a ‘S117 Mizerna (The main layer) 104 () SIGt EEL Pe ep yl 7—13 9,45 + 0,12 1,31 13,80 
8 = (Gtowny poktad) 
ry ae) 
v — 
E 3 18 | Krogcienko 116 1. 0 0) Fe Gaosie see 1010.4 ke m0 Onn d 3-16 | 812+0,23| 2,57 31,65 
a2 = 7 
re eo £ 19 | Domanski Wierch = = a “aj 
ee 
CEiveties 5 = Sel = 
SS/ 3 3 20 | Gliwice ; - _ 7 
66|] 21 | Wieliczka = ee = 


Table 9 


Tabela 9 
4. LENGTH/WIDTH RATIO OF NUTLET 
STOSUNEK DELUGOSCI DO SZEROKOSCI 
Number of 
ee No i cee ae 0,8 0,9 1,0 1,1 1,2 1,3 1,4 1,5 1,6 1,7 1,8 1,9 2,0 21 2,2 min—max| M+m 3 » 
orzeszkow 
1 | The whole of Europe 100 CG eb a ahh ey al 0,86 — 1,61 | 1,14 + 0,01 0,16 14,03 
3 Calta Europa 
ret: 2 |£ The whole of Poland 400 11 45 95126 64 45 9 4 1 0,78 — 1,63 | 1,09 + 0,01 0,13 11,92 
§ 8 2 Cata Polska 
® @ 2s 3 3 Bialowieza Forest 80 ON Ney iby GB my @ il 0,85 — 1,56 | 1,10 + 0,01 0,14 12,72 
v 8 = e Puszcza Biatowieska : 
S's 4 & Montech near Toulouse 100 1 151 41° 23: 138 2 2s 0,95 — 1,61 | 1,16 + 0,01 0,13 11,20 
5) x Montech k. Tuluzy 
@ >| 5 | Roztoki 28 yy wm se A ee ty a 0,82 — 1,75 | 1,16-+0,04 | 0,25 21,55 
ss 6 | Krzeszow 130 CHM) Sih Sie ae a SB 0.88 — 1,66 | 1,15 + 0,01 0,17 14,78 
ga| 7 | Rakow 50 3 13)°15) 13/56 0,90 — 1,33 | 1,11+0,01 | 0,11 9,90 
g 8 | Rumlowka 50 Sip Ole oat Tee eee Lae Se ; 0,96 — 1,68 | 1,24 + 0,03 0,18 14,51 
5 9 | Nieciosy 19 3 (be Vae ome 0,88 — 1,30 | 1,07 + 0,02 0,12 11,21 
® F LOMMIEGatnoetecelniicl 190 Oy IGP EE} Pe) BE) VEY GO il 0,80 — 1,69 | 1,13 + 0,01 0,14 12,38 
e8| # 11 | Rusinowo 120 beget Se Ope ye Al 0,89 — 1,82 | 1,17 + 0,01 0,19 16,23 
$3, & 12 | Dzbanki 150 5 34) 55 34 19 2) 1 0,89 — 1,46 | 1,13+0,01 0,11 9,72 
ax 
a * ch m| 13 | Olszewice 7 1} ce al 1,01— 1,30] 1,17 — — — 
Ba 14 | Zydowszezyzna 6 a PLS Ye a eal 0,96 — 1,28) 109 — — — 
C= 15 | Giechanki 4 Lg i wil 0,83 —1,20| 1,01 — = =: 
| 16 | Mizerna (The well) 19 i of ig oe 3 ES ee ee 0,82 — 1,82 | 1,31 + 0,06 0,27 20,61 
ne 2 = (Studnia) 
§ 8| §°S| 17 | Mizerna (The main layer) 200 ible hy El Ge BY EY GK) 0,86 — 1,75 | 1,25 + 0,01 0,22 17,60 
8 3 (Glowny poktad) 
fos el aer se 
= £| 18 | Krogcienko 300 sh 8 1 Ge os ik % 2 0,84 — 1,73 | 1,19 + 0,01 0,16 13,48 
28 
wy 
y ge 19 | Domanski Wierch 160 69018,12646 e224 ae oe 1,00 — 2,00 | 1,38 + 0,01 0,20 14,49 
¢ 5 2 a . 
gs B¥| 20 | Gliwice 218 1.3 7 = 8 es ee ee Er sey Oy ee noe pay ot 0,21 15,00 
‘¢ &| 21 | Wieliczka 4 A uy , = = = 


5. POSITION OF WIDEST PART Table 10 


POLOZENIE NAJSZERSZEJ CZESCI Tabela 10 
Number 
Age No Seen pi nutlet#ion 26 29 82 «SB, “38. , 410) 44) Park oa0 abs = obeu Sep un G2 CeMimimetenay | 0 ween 3 » 
Wiek Miejscowosé Liczba o 
orzeszkow 
1 | 4 The whole of Europe 100 1 a aby Ay ay a 7 3 3 1 29,4 — 58,8 |41,57+0,59 | 5,93 14,26 
v = Cata Europa 
'#8| 2 |& The whole of Poland 400 2 8 33 89 114 98 47 9 26,2 — 48,3 |38,24+0,20 | 3,94 10,30 
E oe ~» Cata Polska 
ze |e} 3 |2 Biatowieza Forest 80 Gmbh eR 5 3 30,7 — 51,1 |39,13+0,49 | 4,39 11,21 
ov an — Sue 
88 = & Puszeza Biatowieska 
ee 4 |& Montech near Toulouse 100 1 G10) 22 eT 7 5 4 3 0 0 1| 29,4—64,9 | 41,63-+0,61 | 6,15 14,77 
Montech k. Tuluzy 
a> | 6 | eerie 28 1 5 in 2p 8 5 0 0 1 30,5 — 51,6 | 38,42-+1,00 | 5,32 13,84 
SS | 6 | Krzeszow 130 1 1) 18 36) 435enz6 4 0 1 27,0 — 50,0 | 37,04-+0,31 | 3,55 9,55 
Za | 7 | Rakow 50 1 3 13 12 15 6 32,0 — 48,0 | 41,30+0,51 | 3,61 8,74 
P Sle umicees 50 Set ome 7 2 1 31,2 — 48,8 |39,08-+0,57 | 4,02 10,28 
& g \agiseiony 19 1 FS 5 5 3 32,1— 48,0 | 41,15 +0,96 | 4,20 10,20 
Be = | 10 | Samostrzelniki 190 2 phi By ae 2 1 0 1 28,3 — 59,1 | 38,51+0,34 | 4,77 12,38 
g$) % | 11 | Rusinowo 120 1 1 6 of 8B Sb m7 1 0 1 30,1 — 58,3 |44,00+0,39 | 4,26 9,70 
88| © | a2 | Dzbanki 150 1 1 GQ 2 & & iy 8 2 0 1 25,0 —55,1 |39,47-++0,34 | 4,17 10,56 
a3 east eee 
ye 
oa 4 , | 13 | Olszewice ie 1 3 1 2 39,5 — 50,7 | 45,82 — —- ; = 
g a 14 | Zydowszezyzna 6 
S 15 | Ciechanki 4 | 
16 | Mizerna (The well) 19 3 4 8 3 1 34,0 — 48,5 | 4034+ 0,83 | 3,63 9,02 
» Py fy (Studnia) 
a 8 S$ | 17 | Mizerna (The main layer) 200 2 6 31 47 61 40 «13 29,0 — 48,4 |39,95+0,27 | 3,86 9,66 
gs (Glowny poktad) 3 
ale 
= 
E S| 18 | Krogcienko 300 L116 942) en Oley eT 29,0 — 48,3 | 38,87+0,23 | 4,00 10,29 
a3 
B2 
2. | BE | 19 | Domatski Wierch 160 Cie 149 bbs 4 0 0 2 27,7 — 52,7 |36,14-+0,28 | 3,76 10,40 
g8 | 36 
06 ae 
3 s|5 3 20 | Gliwice 218 2 mip) bp he) 5 1 22,0 — 50,0 |35,93+0,31 | 4,57 12,71 
@& | 21 | Wieliczka 4 fee te He 218 a ae 


6. BASAL ANGLE Table il 


KAT PODSTAWY Tabela ll 
Number 
Age No Locality of nutlets; 110 115 120 125 130 185 140 145 150 155 160 165 170 175 (180 min—max| M+m | o v 
Wiek Miejscowosé Liczba ais 
orzeszkow 
| 1 ~ The whole of Europe 100 2 3 7 7 11 22 22 15 4 7 134— 180 | 161,20 +1,03] 10,29] 6,38 
ae 4 Cata Europa . 
=5| 2 |S rhe whole of Poland 400 1 1 jee &  G 9 9 OF hl Wi fh Gh fe) | on 108 —180 | 161,45 + 0,57| 11,39] 7,05 
v 
a 8 | - Cata Polska 
#&|28| 3 | 2 Biatowieza — Forest 80 ee a ee I ES ER ETE) 123 — 180 | 163,35 + 1,33] 11,97] 7,32 
g8 = 2 Puszceza Biatowieska 
cE | 4 |S Montech near Toulouse] 100 P A A Sh I COC OS 129—180 | 158,10 + 1,04] 10,37| 6,55 
Montech k. Tuluzy 
a i 6 | Seatori 28 1 oo « 0 3 3 6 4 4 5 2 122—174 | 158,35 + 2,15] 11,29 | 7,13 
58 5 130 3 4 9 11 24 19 26 22 5 7 135 — 180 /| 160,30 + 0,84) 9,64 | 6,01 
a5 6 Krzeszow 
33 | 7 | Rakow 50 TS) Jee pmb dss ee 146—180 | 166,00+ 1,12) 7,87 | 4,74 
gE 8 | Rumlowka 50 eh ss 8) 2 nh fF & me Re eH a9 eS 116 —180 |156,30 + 1,89| 13,27| 8,48 
2 ® | ‘Nicelosy 19 ‘ie thet ee oes Lee ae | 145—180 |163,15+1,50| 6,55| 4,01 
2. | | | 10 | Samostrzelniki 190 I 0 fe 0) 1) Slee tees os dpe 99 oa 119— 180 | 160,95 + 0,78| 10,17| 6,31 
88 | » | 11 | Rusinowo 120 a6 Omeiiareise 205% ot, 200 a6 140 — 180 |162,00+ 0,78} 8,51| 5,25 
roy na 
ee |e | 12] Debanid 150 ei ee lS See ee ee RE 128 — 180 |158,65 + 0,95| 11,74| 7,39 
oe 
am | | 13 | otszewice 7 Ee gh ee re 141—169 | 157,42 —| — | — 
ig a 14 | Zydowszczyzna oa 
5 15 | Ciechanki = 
16 Mizerna (The well) 
Ci By = (Studnia) 19 3 5 2 5 2 0 2 149— 180 | 161,55-+ 2,05} 8,93] 5,52 
G8 | a8 he main layer) 
og | 5S 17 Mizerna (The main layer 0! 
gs (Gtowny poktad) 200 Look 2 5/80 Ou 17 ge d0cmr 20-8 36-1 29 ae ote ee 124— 180 | 157,55 + 0,82| 11,61| 7,36 
Ay laa = 
Eas 18 Kroscienko 300 1 iL 1 5 9 9 21 44 73 56 42 12 26 119— 180 | 161,40 + 0,60) 10,66| 6,60 
° ic} 
ad 
w 
02 110 — 180 | 146,50 + 0,95) 12,08] 8,24 
2 BE | 19 | Domanski Wierch 160 1 1 1 Sie! 12a? a 2S eS ee Cn OO 5 0} 2 0 50 + H 
os 5 
96 a 
LOS arte rpc) | 0 1 4 4 17 20 63 34 36 26 8 1 3 115— 180 | 153,30 + 0,70] 10,35) 6,76 
SS | 33 | 20 | Gliwice 218 
& 2 146 — 160 | 153,50 — — — 
a £5 | 21 | Wieliczka 4 oe 


7. APICAL ANGLE 


Table 12 


KAT WIERZCHOLKA Papelasi2 
- : | Number 
he | Taenitey of nutlets 
ge } '. 
y. N G 80 85 90 95 100 105 110 115 120 125 130 135 140 145 in — 
coaat ) Miclecowolé aaeote | 4 155 160 165 170 175 180|min-max| Mm +m ) v 
kéw 
2 1 3 The whole of Europe 100 4 6 5 6 4 10 10 13 10 5 10 3 7 3 1 75 — 153 | 112,20 + 1,87] 18,70 16,66 
= | 2 Cata Europa - 
5 s 2 | & The whole of Poland 400 2 2 3 6 6 Wf 9 10 23 30 30 45 52 46 31 19 23 8 1 2 80 — 180 138,40 + 0,90; 18,00 | 13,00 
ee ee | Cata Polska aire 
4 g 2s 3 2 Bialowieza — Forest 80 1 1 1 4 9 8 9 5 11 13 9 4 3 85 — 150 123,30 + 1,59] 14,24 11,54 
ss = | ‘5, Puszcza Biatowieska 
or 4 | Montechnear Toulouse 100 eo ees eee Oe Beene 6 ome 8 A@ 5 6 1 79—135 | 108,25 + 1,16] 11,61 | 10,72 
= |o Montech k. Tuluzy 
Sx. 5 | Roztoki 26 2 ty) ee Mi ARREST oe ma eh ay, ph ee 63—144 | 102,50 + 3,67) 18,70 | 17,26 
n 
| es | 6 | Krzesz6w 130 0 0 pei SN ot SEE ST TUM at eee peer Oe 70 —159 | 128,45 + 1,19) 13,62| 10,59 
2 | = 
Ba 7 | Rakow 50 ee ea ek A he wr ee ea 89-152 | 118,80 + 2,24] 15,71 | 13,29 
8 | Rumléwka 50 et eer ree eee wee 72—140 | 106,20+1,34! 9,37] 8,81 
g 9. | Nieciosy 19 Se ee ee i aie 103 — 146 | 119,45 + 2,49] 10,89] 9,11 
2. & | 10 | Samostrzelniki 190 eer eas 2 A ts 11 20; 225 38 coe og 1: 42 87 — 170 | 137,20 + 1,08] 14,91] 10,86 
$8 #4 | 11 | Rusinowo 120 1iesoe eel 2 i ie ky oo FAP Sb 3 85—170 | 130,05 + 1,65) 18,03| 13,86 
ee | ao | Debent 150 Po Ol P10 eb Sims hon eed Sst s G 2 88 -- 158 | 122,85 + 1,29] 15,81 | 12,86 
=v 
Oo 
=a 
Pole 13 | Olszewice 7 EE Ta Diy VES Ae 1 126 — 156 187,57 — |— | = 
q vo 
is Z 14 | Zydowszezyzna = 
| 3 15 | Ciechanki — 
| | 16 | Mizerna (The well) 19 ER AT ME ee ea 2 et eee Meet 1 63 — 156 | 106.55 + 6,51) 27,35 | 25,66 
|} a2 ; 
greta | (Studnia) Z 
ze aS 17 | Mizerna (The main layer] 200 | 4D 8 12, AG 15. 2320 05) i ae) ol 44 Om Fi 72—164 | 114,30 + 1,36] 19,35] 16.92 
gg | (Glowny poktad) 
Bi a o > 37 28 47 31 38 30 16 8 2 9 — 153 19,90 + 0.99} 17,30 | 14. 
25 | 18 | Krogcienko 300 ib Gx Tks Os 59 — 119,90 + 0. f 142 
23 
| $2 f 
g a ee | 19 Domanski Wierch 160 uh pay, ply 14 22 19 26 12 10 0 4 2 1 58— 140 | 100,30 + 1.17} 14,83 14,78 
9} 36 
o% | 
SES eso, 
LE EF a5 Pane ate a4 ESO me 21 18 |S els sb be 4 TS 0, oe | 4 42—145 | 87,70 + 1,12) 16,58 | 18,90 
—sS | 21 | Wieliceka 4 i 0 1 0 0 0 0 0 1 64—131 | 96,25 — ) — — 
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